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PEEFACE. 


THIS  book  is  issued  as  a  supplement  to  my  "Elementary 
Text  Book;  of  Heat  -and  Light,"  and  is  not,  therefore,  in- 
tended to  be  complete  in  itself,  but  is  practically  an 
expansion  of  the  chapters  on  Calculations  in  that  book. 
In  addition  to  this  the  scope  has  been  extended  so  as  to 
cover  the  ground  defined  by  the  syllabus  of  the  Inter- 
mediate Science  and  Preliminary  Scientific  Examinations 
of  the  University  of  London. 

Experience  has  shown  that  students  generally  find  great 
difficulty  in  dealing  with  questions  bearing  on  the  quan- 
ive  relations  of  any  branch  of  Physical  Science.  It 
i-  li< >]>e<l  that  this  lxx>k  will  be  found  useful  by  student > 
meeting  with  difficulties  of  this  nature  in  the  study  of 
Heat  and  Light. 

I  shall  be  glad  to  receive  r  corrections  from 

any  reader  who  may  be  land  enough  to  send  them. 

R.  W.  S. 

UNIV.  CORK.  COLL., 
July,  1890. 
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CHAPTER   I. 


T  n  /;/,'  v  o  j/  E  T  j;  r. 


13.  IT  is  often  necessary  to  convert  temperatures  expressed  in  one 
scale  into  the  corresponding  temperatures  on  either  of  the  other 
scales.  In  doing  so  there  are  two  things  to  be  noticed:  (1)  Since 
the  interval  of  temperature  between  the  freezing  and  boiling  points  is 
constant,  it  follows  that  180  Fahrenheit  degrees  =  100  Centigrade 
degrees  =  80  Reaumur  degree?.  (2)  The  zero  of  the  Fahrenheit  scale 
freezing  point— i.e.,  40°  F.  indicates  a  tempera- 
ture 8  decrees  F.  above  freezing  point.  If.  therefore,  F,  C,  and  R denote 
corresponding  readir  Fahrenheit,  Centigrade,  and  Reaumur 

>  respectively,  we  have  that  (F-32),  C  and  R  denote,  in  each 
.  the  number  of  degrees  the  given  temperature  is  above  freezing 
point.    Hence,  from  (1)  above — 

(F-  32)   :  C  :  R  ::  180  :  100  :  80. 
That  is— 

(F-  32)  :  C  :  R  ::      9  :      5:4. 

This  proportion  may  be  written  thus — 

(F  -  32)  _  C      R 
V 

This  should  be  remembered,  and  applied,  in  all  cases  where  it  is 
-Lmperaturcs  from  one  scale  into  another. 

MIT.KS    I. 

1.  Find  the  temperature,  on  the  Fahrenheit  scale,  corresponding  to 
40  C. 

a  the  two  scales  involved  arc  Fahrenheit  and  Centigrade,  Hence, 

:   1C — 

F  -  32  =  C 
«  6* 

Substituting  40  for  C.  we  have— 

F  -  :._' 

-u-^r-8- 

Or— 

F-32  -   7-. 
Therefore— 

F  - 
That  is,  40°  C.  corrcsuonda  to  101°  F. 

//.  .(  n 
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2.  Find  the  temperature,  on  Rdaumur's  scale,  corresponding  to 
-40°  F. 

As  above — 

F  -  32      R 

— 5~=r 

Here— 

-40-32  _  R 
9  i* 

Or— 

~72_R 

y   "V 

That  is— 


Or— 


3.  Find  what  temperature,  on  Fahrenheit's  scale,  is  represented  by 
the  same  number  on  the  Centigrade  scale. 

Again — 

F  -  32      C 
i)       ~~5' 
Let  T  denote  the  required  temperature. 

Then— 

T  -  32  =_T 

y          5' 

Or— 

5T  -  1GO  =  9T 

4T  =  -1GO.     .'.  T  =  -40. 
Hence  -  40°  C.  corresponds  to  -4G°F. 

4.  Find  the  temperatures  on  each  of  the  two  other  scales  correspond- 
ing to — 

(1)  -70°C.     (2)  70°  F.     (3)   -24°  R.  (4)  0°  C.      (5)  50°  F. 
(6)  68°  F.        (7)  G4°  R.     (8)  92°  C.       (U)  11°  F.  (10)  50°  H. 

14.  Before  reading  the  following  chapters  on  expansion,  it  will  be 
well  for  the  student  to  thoroughly  master  the  following  points  : — 

1.  The  square,  or  cube  (or  higher  power)  of  any  small  quantity,  or 
the  product  of  two  small  quantities,  is  negligibly  small. 
Thus— 

(•0002)2  =  -00000004. 
(•0002)'=  -000000000008. 
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Also— 

•0002  X  -0003  =  -00000006. 

It  is  evident  that  if  the  quantities  -0002  and  -0003  are  small  com- 
pared  with  any  quantity,  then  these  three  products  arc  negligibly 
small  compared  with  the  game  quantity. 

Suppose  a  and  /3  to  be  small  quantities,  compared  nith  unity, 
and  consider  the  following  relations  — 


Now,  by  (1),  a*  is  negligible  ;  hence  — 

(l  +  a)2=l  +  2a; 
and,  similarly  — 

(1  +  a)s  =  1  +  3a  +  3a2  +  a3  =  1  -f  3a. 
Also— 

(l+a)(l+/3)  =  l  +  a  +  /3+a/9  =  l  +  a+j9 
(a/3  being  negligible  as  the  product  of  two  small  quantities) 

--?—  =  1  -  a  +  a-  -  a3  +,  etc.  ,  by  actual  division,  i.e.,  r-^—  -  1  -  a. 
1  +  a  1  +  a 

J±5  =  1  +  a-/3-a/3  +,  etc.,  =  !  +  «-£. 

It  may  be  useful  to  tabulate  these  aj^roj-imate  results  fo*  future 
use  and  referen 


Or  generally— 

(1  ±  a)  (1  ±  £)  =  1  ±  a 
(1  ±  a)-  -  1  ±  2a. 

(1  ±  a)3  =  1  ±  3a. 
1       _  1        _ 

r+a~  ~ a;  T^i 


s  II. 

Find  the  approximate  value  of — 

(1)  (  .     [(1  +  a)  (1  +  £)]. 

(2)  <  [(1  +  a)(l  -/3)J. 

.     [(1  +  a)Vvl  -  a)JJ. 

(4)  1  1  [Y-^-^     /     1     \~] 

L\l  4-a/'    \1  -  o/J' 

(5)  f  1  +  «  .       1±J5"| 

1-^J' 


000064)1 

oc      I 


(6)  imn  »  100000064)1  100 

LI  -  26(- 
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3.  Limiting  value  of  a  ratio.      Consider  the  ratio  -  •   Now,  if  a  is  a 

constant  quantity,  the  fraction  -  can  be  made  as  small  as  we  please  by 

x 

sufficiently  increasing  x.    (Thus,  if  a  =  6,  then,  for  x  =»  1,  —  =-  =Q  • 

fora?  =  1COO,  —  =  - — -  =  -006  ;  and  so  on.)      Hence,  if  x  be  made 
•P        lUOU 

large  enough,  we  can  reduce  the  value  of  —  to  a  quantity  less  than 

0 

any  assignable  quantity.  This  is  usually  stated  by  saying  that  the 
limiting  value  (or  the  limit)  of  -  is  zero  when  x  is  infinitely  great. 

Similarly,  the  limit  of  -  ,  when  x  is  zero,  is  infinite  ;  for  the  smaller  x 
is,  the  greater  —  becomes. 

Now  consider  the  ratio  — — -•      What  will  be  the  limit  of  this 
x 

ratio  when  x  =  0.  If  we  substitute  x  =  0  directly,  the  fraction  reduces 
to  — ,  which  may  mean  anything ;  but  the  ratio  evidently  equals 
ax  +  b,  and,  when  x  =  0,  this  becomes  b  ;  i.e.,  b  is  the  limiting 
value  of  —  — when  x  =  0.  Thus,  although  both  numerator  and 

denominator  reduce  to  zero  for  x  =  0,  the  ratio  has  a  definite  limiting 
value,  b,f(*r  this  value  of  x. 

4.  If  V  denote  the  volume,  d  the  density,  and  M  the  mass  of  a  body, 
we  have  Vd  =  M.    Hence,  so  Itmij  as  tJic  nutss  remains  constant,  we  may 
write  V.7  =  constant ;   i.e.,  if  V  change  to  V  and  d  to  d',  we  have 
\d  -  \'d'. 

5.  The  volume  of  a  column  of  uniform  cross-section  is  given  by  the 
product  of  the  height  (A)  of  the  column  into  the  area  of  its  cross- 
section  (*)  ;  i.e.,  V  =  hs. 

6.  The  hydrostatic  pressure,  on  any  surface  immersed  in  a  liquid, 
is  equal  to  the  weight  of  a  column  of  liquid,  of  height  equal  to  the 
depth  of  the  centre  of  gravity  of  the  surface,  and  having  a  cross- 
section  equal  in  area  to  that  of   the  surface.       That  is,  P  =  7/.syA/ 
where  a  is  the  acceleration  due  to  gravity.    The  pressure  on  unit 
surface'is  given  \)j  p  =  hdy. 

7.  To  find  the  pressure  in  the  space  A  under  the  conditions  indicated 
in  Fig.  13.     The  end,  B,  of  the  tube  is  open  to  the  air.     Consider 
the  pressure  on  each  side  of  the  section  ab.     On  one  side  we  have 
II*  -j-  Edsr/  where  II  is  the  pressure  of  the  air  on  unit  area  and  * 


is  the  area  of  ab.    On  the  othcrr  we  have  P*  +  hdtg  where  P  is  the 
pressure  in  A  on  unit  area.     Since  ab  is  in  equilibrium,  we  have  — 

n*  +  Edty  =  P*  + 

see  here  that  *  can  be  struck  out,  so  that  the 
lotion  is  independent  of  *;    hence,  in  similar 
it  will  be  simpler  to  consider  pressure  on 
unit  area  only.     Thus,  we  have  I  »-f  /,,/.-      II   - 
/.?=  IT  +  (il-7<X'/.  Mid  P  -  II  -(H-/,  >/.</•     That 
is,  the  difference  of  pressure  between  the  er  I 
is  that  due  to  the  difference  in  height  of  the  columns 
of  mercury  in  the  corresponding  limbs  of  the  tube. 

8.  If  a  quantity,  </.  varies  with  b  directly,  it  is 
expressed  thus  :—  a  oc  b,  or  a  —  lib  where  k  is  a  con- 
stant. For  example,  the  area  of  a  rectangle,  of  constant 

:h.  varies  with  its  length;  that 
the  length,  the  greater  the  area.    This  is  expressed  by 
writing  A  oc  /,  or  A  =  7,7,  and  here  the  constant  k  is 
the  breadth  of  the  rectangle. 

If  a  quantity,  a,  varies  inversely  with  b,  we  may 

—  ; 

For  example,  the  velocity  of  a  body  in  travelling  over  a  given 
space  varies  inversely  with  the  time  it  tak 

the  less  the  velocity.    This  is  expressed  by  writing— 

L,  or  9  - 

and  here  k  is  the  measure  of  the  given  space,  for  we  know  from 
kinematics  that  «--. 


13. 


express  this  relation  in  the  form  a  oc    ,  or  a 


i.e.,  ab  =  k 


CHAPTER  II. 


EXPANSION  OF  SOLIDS. 


23.  WE  shall  consider  calculations  involving  only  the  mean  co- 
efficients. of  expansion.  The  experimental  data,  for  determining 
true  coefficients  of  expansion,  may  be  obtained  by  the  methods  de- 
scribed :  but  the  method  of  reducing  these  data  cannot  be  considered 
here.  It  should  be  noticed  that,  in  defining  the  mean  coefficient  of 
expansion,  we  have  to  consider  the  ratio  of  the  mean  expansion,  per 
degree  rise  of  temperature,  to  the  original  length  or  volume,  as  the 
case  may  be,  at  0°  C.  Thus,  if  the  length  of  a  rod  be  "Lf  at  t°  C.,  and 
L<(  at  a  lower  temperature  t'°  C.,  then  the  mean  expansion  per  degree 

is       t~~   f.  and  the  mean  coefficient  of  linear  expansion  (I),  between 
(t—f) 

t°  and  t'°,  is  given  by  Z-»T  '~    £»  where  L«  is  the  length  of  the  rod 
L>0  [*—*  ) 

at  0°  C.  In  working  examples,  in  addition  to  the  simple  relation, 
L  =  L  (1  +  Z£),  it  i8  useful  to  have  a  relation  between  Lf  and  L,. 
This  relation  is  easily  obtained  thus  :— 


Or— 

L         T     l  +  U' 

L"-L«i7*r  (i) 

Since  I  is  a  very  small  quantity,  we  may,  if  t  and  t'  are  not  very- 
great,  consider  It  and  W  as  small  quantities,  and  apply  the  approxi- 
mation of  Art.  14.  This  gives— 


That  is— 

Iv  =  L  [1  -f  7(^-0].  (2) 

This  establishes  a  relation  between  1^,,  L(,  and  Z,  which  is  very  useful 
in  calculating  any  one  of  these  quantities,  when  the  other  two  are 
given. 

Similarly,  in  addition  to  V<  =  V0  (1+^0,  we  have— 

*)]•  (3) 


It  is  very  important  to  remember  that  these  are  only  approximate 
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relations,  which  are  nearly  true  only  when  I  and  c  are  very  small. 
-hould  therefore  be  applied  only  to  the  expansion  of  solids. 

Iii  tli"  case  of  liquidp,  the  application  of  the  relation  of  formula  (3) 
gives  a  rough  approximation,  which  is  sufficiently  accurate  for  most  pur- 
poses. Foraccuracy.a  EonnnlAOOfTetponding  to(l)should  be  employed. 

In  the  case  of  gases  the  expansion  is  far  too  great  to  admit  of  these 
approximations. 

IPLES    III. 

1.  The  length  of  an  iron  rod  at  0°C.  is  100  cm.    Find  its  length  .it 
10°  C.,  the  mean  coefficient  of  linear  expansion  of  iron  being  -OCH 
Here— 


/.  Lf-100[l  +(-000012  X  10)] 

-100[1-00012]  =  100-012  cm. 

2.  The  volume  of  a  piece  of  glass  at  100°  C.  is  100-253  c  cm.,  a: 
volume  at  0°  C.  is  100  c.c.      Find  the  mean  coefficient  of  cubical 
expansion  of  glass    between  0°C.  and  100°  C.,  and  thence   deduce 
approximately  the  mean   coefficient  of  linear  expansion    between 
the  same  limits  of  tempera- 

v,=  v. 
Or— 

._V 

V.I 


_  100^8-100  =  J258_  =  ^ 


Here  then— 

_  1 

1UUX10U 

have  seen  that,  when  I  is  small,  c  -  31  or  I  -  -£-.   Hence,  the 

• 

mean  coefficient  of  linear  expansion,  as  required,  is  — 

•°00f68-  0-0000086. 
3 

of  a  copper  rod  at  10°  is  2(>"  Find  its 

mean  coefficient  of  linear  expansion  of  copper 
•<M<<ml7. 
Applying  formula  (2)  to  data  of  the  question,  we  have— 

L,«  -  L,o(l  + 
is— 

Lloo  =  200-034  [1  +  (90  X  '000017)]  cm. 
=  200-034(1-00153)  cm. 
=  200-34005  OB  ly). 

iccurate  length  at  100°  found  by  employing  formula  (1)  is 
200-34  cm. 


S  HEAT. 

4.  A  brass  rod  is  found  to  measure  100-019  cm.  at  10°  C.,  and 
100'19  cm.  at  100°  C.  Find  the  mean  coofliciciit  of  linear  expansion 
of  brass  between  10°C.  and  100°  C. 

Here  we  may  apply  formula  (2)  above — 

LIOO  -  L10(l+907). 
That  is— 

100-19  -  1QO-019 

luu-oiy  x  yo 

0-171 


1CO-019  X  90 


= -OOC018S8  (nearly). 


This  is  the  approximation.  If  we  work  the  question  by  application 
of  the  accurate  formula  (1),  we  shall  find  that  the  approximation  is 
a  very  close  one. 


That  is— 

T          T    1  +  100Z 

Lloo=Ll°TT~ior 

100-19  =  100-019  1  +  10°* 

f+iu2 

100-19(1  +  10Z)  =  100-019(1  +  1007) 
10001  -9J-1001-9Z  =  100-19  -UOU19. 
Or— 

9000Z  =  -171 
/.  I  =  -000019. 

6.  A  steel  scale  measures  100-0165  cm.  at  15°  C.  ;  at  what  tempera- 
ture does  it  measure  exactly  one  metre  ?  The  mean  coefficient  of 
linear  expansion  of  steel  is  '000011. 

Employing  formula  (2),  let  t  denote  the  required  temperature. 
Then  — 

L,=I,  [l  +  Z(*'-*)] 
100-01H5=100[1  +  400011(15—*)] 
100-0165=100  +  -0011(15-0. 


That  is,  the  scale  is  correct  at  0°  C. 

6.  A  gla«=s  rod  is  1  metre  long  at  0°C.  ;  find  ifslcnjrt  h  at  -10°C.,  the 
mean  coefficient  of  linear  expansion  of  glass  being  -0000086. 

It  should  here  be  noticed  that  the  mean  coefficient  of  expansion  is 
also  the  mean  coefficient  of  contraction,  for  if  a  substance  expands 
of  its  length  at  0°C.  for  1°C.  rise  in  temperature,  it  will  con- 
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tract  ^-rs  of  its  lencrth  at  <••  0.  for  1°  f.  Ml  ,\r\  temperature.     If, 
however,  we  retain  the  sign  of  t  in  the  formula  — 

I.,  =  L7(l  +  It) 
it  is  applicable  to  all  cases. 
Thus— 


=  I0(1- 

Hcre  /.  L-:o  =  in  -10(-01(X>I<-     ] 
=  1[1--000086] 
=  -99991  1  metre 
=  99-9914  cm. 

how  that  the  morni  coefficient  of  superficial  expansion  for  a 
substance  is  approximately  equal  to  twice  the  mean  coefficient 
of  linear  expansion  for  the  same  substance. 

8.  A  brass  and  a  steel  rod  are  each  one  metre  long  at  10°  C.  ;  find 
the  difference  in  their  length  at  60°  C. 

•inum  wire  is  found  to  be  0013  cm.  longer  at  60°  C.  than 
at  40°  C.  Find  the  length  of  the  wire  at  0°C.    Why  can  a  platinum  wire 
ly  fused  into  a  glass  tube  ? 

The  volume  of  a  mass  of  lead  at  50°  C.  is  50  c.cm.,  and  at  80°  C. 
lume  is  fo-  1  _»'»  '-.cm.     Show  that  the  mean  coefficient 

.nsion  of  lead  between  50°  C.  and  80°  C.  is  approxi- 
mately 0-000084. 

11.  A  silver  r  ;  in  diameter  at  0°C,  just  fits  into  a  copp  -r 

tube  at  100°  C.  emperature  will  it  fit  into  a  glass  tube  of 

the  same  diameter  as  the  < 

In  an  ex|"  «'e  and  Lavoisier  the 

bar  was  allowed  •  «'en  0°C.  and  60°  C.  and  the  foil. 

B  =100  cm.  at  0°C.,  SS'=2  cm.,  OB= 
I  8  I  ;  :.  1  1  ).     Find  the  moan  coctHcient  of 
.    -ion  of  tli 
!.'{.   In  an  c\|«Tiu  and  Han:-  «1.  the  bar  was 

.and  80°  CM  ami  the  follow!  n 
•  >1   fin.,  mi'  --t'-l  I"."'  :  •'.  \      Find 

can  coefilcient  of  lii,  -.11  »f  tin- 

BL  pitch)  would  in  tli: 

II.    A     B  '  itli    bars  of  in.-: 

lo  arrange- 

A  rod  of  zinc  is  60  cm.  long  at  10°  C.    At  what  temperature 

will 

Asteclsra!  I  •  •  '•_''!•'.    What] 

will  a  rod  1  metre  long  a1  to  l>e  when  measured 

this  scale? 
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17.  A  glass  rod  of  volume  V  at  0°  C.  exactly  fills  a  hollow  brass 
cylinder  at  10°  C.    Find  the  volume  of  the  space  between  the  rod 
and  the  cylinder  at  50°  C. 

18.  Two  metal  rods  have  the  same  length,  one  metre,  at  100°  C.  ;  but 
at  80°  C.  the  difference  between  their  lengths  is  O02  cm.     If  the 
mean  coefficient  of  linear  expansion  of  the  less  expansible  rod  be 
0-000015,  find  the  corresponding  coefficient  for  the  other  rod,  and  the 
length  of  each  rod  at  0°  C. 

19.  Find  the  mean  coefficient  of  linear  expansion  of  iron  on  the 
Fahrenheit  scale,  the  initial  length  being  referred  to  zero  on  the  same 
scale. 

20.  The  volume  of  a  given  mass  of  lead  at  -  30°  C.  is  represented  by 
V.     If  c  denote  the  mean  coefficient  of  cubical  contraction  between 
0°  C.  and  —30°  C.,  and  c'  the  mean  coefficient  of  cubical  expansion 
between  0°  C.  and  100°  C.,  find  the  volume  of  the  lead  at  100°  C.,  and 
express  the  mean  coefficient  of  cubical  expansion  of  lead  between 
—30°  C.  and  100°  C.  in  terms  of  c  and  c'. 

24.  Change  of  Density  with  Temperature.  We  have  seen  that,  in 
general,  when  a  body  is  heated  it  expands  —  that  is,  its  volume  in- 
creases —  and,  since  the  mass  of  the  body  remains  constant,  it  must 
necessarily  follow  that  its  density  decreases.  For,  if  V~  denote  the 
volume  at  0°  C.  and  V<  the  volume  at  tf°,  also  if  d0  denote  the  density 
at  0°  C.  and  dt  the  density  at  t°  C.,  then,  since  the  mass  remains 
constant  — 

V.  d0  =Vt  dt.  [Art.  14  (4).] 

That  is—  ^  =  V, 

(ft       V  o  ' 

But  we  .know  that  V*  =  V0  (1  +  ct),  where  c  denotes  the  coefficient 
of  cubical  expansion. 
Therefore  — 


= 


This  is  true,  as  it  stands,  for  solids,  liquids,  and  gases  ;  but  for  solids 
and  some  liquids  we  may  have,  when  t  is  small  enough,  an  approximate 
formula,  giving  — 


Also  corresponding  to  formula  (3),  above,  we  have  — 
_  1  +ct'  _  r  ,        y. 

~  ~  )J* 
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MPLES  IV. 

1    The  density  of  a  piece  of  glass  at  10°  C.  is  2-6,  and  at  CO0  C.  it  is 
2-59G6.     Find  the  mean  coefficient  of  cubical  expansion  of  glass 
Applying— 


2-6    _ 

1-00131  =  1  +  50<?, 
o  ='5^1  =  -00002G2. 

The  density  of  mercury  at  0°C.  is  13-500.     Find  its  density  at 
100°  C.,  the  mean  coefficient  of  cubical  expansion  of  mercury  between 
0°  C.  and  100°  C.  being  -000181. 
From — 

<?t  =- — ^,  we  have — 
,  _  13-596      , 


From  the  approximate  relation  — 


dt   =13-696(1  -  -0181) 
=13-59G(-9819) 

=  !::• 

which  is  a  fairly  close  approximation. 

the  weight  of  a  cubic  centimetre  of  mercury  at  10°  C., 
•  en  that,  one  cubic  centimetre  of  mercury  weighs,  at  0°  C., 
n  ins,  and  its  mean  coefficient  of  expansion  is  •0001  >  1  . 

:  rational  to  mass,  and,  since  M  -  \d,  mass  is  propor- 
tional to  <  .«•  volume  is  constan  ,  and 

IT,  denote  the   weights  of  a   given  volume  at  *°C.  and  0°C.,  we 

!&-=/•.=  J_ 

tr.       d9        1+  ct  * 
.'.  7  or,  t/-|  =  tr,  (1  —  ct~). 

"'o 

Here  .-.  M-,  =1.T59C»[1-(10  X  -000181)] 
=  1:;  :'G(-00181) 

=  13-693  grams. 
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4.  Compare  the  density  of  lead  at  100°  C.  with  its  density  at —100°  C., 
assuming  its  coefficient  of  expansion  to  remain  constant  within  these 
limits  of  temperature. 

5.  The  mean  coefficient  of  expansion  of  a  substance  between  - 1°  C. 
and  0°  C.  is  c,  and  the  mean  coefficient  of  expansion  between  0°  C. 
and  T°  C.  is  c'.   Compare  the  density  of  the  substance  at  each  of  these 
temperatures  with  its  density  at  0°  C. 

6.  Find  the  mass  of  a  cubic  centimetre  of  silver  at  250°  C.,  the  density 
of  silver  at  0°  C.  being  10-31  grams  per  c.c. 

7.  The  density  of  water  at  0°  C.  is  0-999871,  and  at  4°  C.  it  is  1.  Find 
the  mean  coefficient  of  expansion  of  water  between  4°  C.  and  0°  C. 

8.  If  5  denote  the  density  of  a  substance  at  t°  C.,  and  3'  its  density 
at  t'°  C.,  find  the  mean  coefficient  of  expansion  of  the  subst  ance  between 
t°  C.  and  t'°  C. 

9.  Find  the  weight,  in  grams,  of  10  c.cm.  of  gold  (density  19*4. 
grams  per  c.cm.  at  0°  C.)  at  15°  C. 

10.  The  density  at  Oc  C.  of  a  specimen  of  wrought  iron  is  7'3,  and  the 
density  at  0°  C.  of  a  specimen  of  tin  is  7'4  :  at  what  temperature  will 
these  two  specimens  have  the  same  density  ? 
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CHAPTER  III. 

7 :.\7' .\\SfON  OF  LIQ! 


30.  IT  will  here  be  convenient  to  collect  together  the  various  formula 
•ed  in  connection  with  this  subject. 

1.  Apparent  and  real  expansion. 

00      lr  ='.  +  I-    Art.  25  (50. 
(ft)      c,  =  c«  +  c.    Art.  25  (5). 

These  two  formulae  [(a)  and  (ft)]  should  be  learnt  in  words. 

00       La  =  L0  (l  +  7a 0.      Art.  25  (30. 
00       V.  =  V.(1  4-c.f).     Art.  25  (3). 

These  formulae  establish  a  relation  between  a  parent  length  or 
volume  at  t"  C.  and  true  length  or  volume  at  < 

(0       L,  =  L«(l  +/0.    Art.  25  (!'). 
(/)      V,=  V.(l+rO.     Art.  25  (1). 

Th  >n    between   thr  th  or 

ae  at  t°  C.  and  the  aj>parent  length  or  volume  also  at 

t  thermometer. 

f •  ~  MI rr ±~*s\  T     A r t.  27  ( 1 ). 


Art.  27  (2) 


static  method  of  determining  cubical  expansion  of  a  solid 
M), 

(0  tr,(l  +  <TO  =  w.(l  +yO- 

is  formula  may  bo  more  conveniently  expressed 
as  an  approximation,  thus  :  — 

1  +rt 
IT,  ""1  -h  yt 


•  t 


TIE  AT. 

Also,  as  in  Art  23,  we  may  have  the  approximate  relation  — 
(0          <£  =  !  +  (a-0)(*-O. 

The  reader  should  make  himself  thoroughly  familiar  with  these 
formulas  before  going  any  farther.  In  studying  any  formula  the  fol- 
lowing plan  should  be  adopted  :  (1)  Thoroughly  master  the  method 
by  which  the  relation  is  obtained.  (2)  Note  carefully  the  conditions 
under  which  it  is  applicable.  (3)  If  the  formula  is  fundamental,  it 
should  be  learnt  ;  but,  in  all  cases,  the  method  of  work  is  of  more 
importance  than  the  formulated  result. 

The  following  examples  illustrate  the  application  of  the  above 
relations. 

EXAMPLES  V. 

1.  A  zinc  rod  is  measured  by  means  of  a  brass  scale,  and  found  to 
be  1-0001  metres  long  at  10°  C.  What  is  the  real  length  of  the  rod  at 
0°  C.  and  at  t°  C.  ?  [Mean  coefficient  of  linear  expansion  of  zinc  is 
•000029  and  of  brass  -000019.] 

Applying  (c)  above  we  get  — 

L«  =I0(1  +  /«<). 


+   <  a  •> 

Here  — 

Ia  =  1-0001  ;  la  =  (lr  -0  =  (-000029-  -000019)  =  -00001  ;  and*  =  10. 
.-.  I0  =  l-0001[l-  (-00001)  10] 
=  1-0001  [1-  -0001] 
=  1  nearly. 
Also— 

I,  =  I0  (1  +  lr  0.  (Art.  16.) 

Here— 

L0  =1  nearly,  and  7r  =0-000029. 
.-.  L10=l(l  +  0-00029) 

=  1-00029. 
Or— 

Lt=Ta(l+ZO.  (e) 

.'.  L10=  1-0001(1  +  -00001  9  x  10) 
=  1-0001(1  +  '00)19) 
=  1-00029  .  .  . 

2.  A  glass  tube  is  measured  with  a  steel  scale,  correct  at  Oc  C.,  and 
found  to  be  70  cm.  long  at  0°C.  and  69-99811  cm.  long  at  10°  C. 
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the  mean  coefficient  of  real  expansion  of  glass,  and  also  its  mean 
coefficient  of  apparent  expansion  with  reference  to  steel.  [The  mean 
coeli:  ion  of  steel  is  OOOOOllo.j 

l..=I.fl    -/.<] 

70  =  .;:••:••.  Ml[l-  107.  ] 
70  =  69-99811  -  •-.'.•  ..-117. 
9-981  1/.  =  69-998  11  -  70 
Ml/.  =  0-00189. 

•t  »'  1  1  X't 


That  is.  the  mean  coefficient  of  apparent  expansion  of  glass  rcla- 
•  )  steel  is  negative.     This  explains  why  the  tube  is  apparently 
shorter  at  10°  C.  than  at  0°  C. 
Also—  IT  =  I  +  /..and  I  -  0-0000113. 

.  •  .   Jr  =  (VOOOOl  13  -  0-0000027 
=  0-0000086. 

Barometric  correction  for  temperature.     The  pressure  of  the 
',•  is  usually  expressed  in  terms  of  the  height  of  a  column  of 
;ry  at  0°  r.  .  rts  an  equivalent  pressure.     The  observed 

a  barometer  at  t°  C.  has  to  be  reduced  to  the 

I  is  called   correcting  for  temp  -nl  in 

ing  the  correction  two  points  are  to  be  remembered,     (i)  To 

r   the  expansion  of  the  scale  between  0°  C.  and  2°  C. 

To  correct  for  the  chamre  of  density  of  the  mercury.    Let  H 

nbtcrvcd  height 

the  mean  coefficient  of  linear  expansion  of  the  scale,  the  true  1; 
corrected  for  the  expansion  of  .  i-  11(1  + 

l>y  HI  .    Then  for(ii)  v.  :.  26.  H,  <it  =  1I0  ^#  • 

ii(i  +  ttXi  =  H.  <;.  . 
.-.  ir.  =  ii(i  +  //> 

c-irb"'  (An-24) 

* 


Or,  since  c?  is  usually  greater  than  /,  this  is  more  generally  written 


wh<  tcsthcobs. 

Ho  ''C. 

I  <>f  expansion  of  the  s<- 

absolute  cubical  expan- 
sion of  mercury. 

I 
noticed  th  .t  of  ab»<  .1  expansion  of 
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mercury  is  employed  because  the  correction  (ii)  is  necessary  on 

account  of  change  of  density  of  the  mercury.     On  no  account  must 

the  column  of  mercury  be  treated  as  a  rod  subject  to  linear  expansion. 

A  barometer  with  a  glass  scale  reads  755  mm.  at  18°  C.  ;  find  the 

reading  at  0°  C.     The  apparent  coefficient  of  expansion  of  mercury  in 

is  -cool  55,  and  the  mean  coefficient  of  linear  expansion  of  glass 

is  -0000089  (Matric  ,  Jan.  1889). 

Applying  the  above  formula,  we  have  II0  =  H[l  —  (cr  —  l)t]. 
To  find  cr  from  ca  which  is  given,  we  h;m-  from  (b)  cr  =  ca  -f-  c. 
Here  ca  =  -000155  and  c  =  3('0000089)  =  "0000267    (Art.  14). 

.  •.  c  r  =  -000155  +  -00002(57  =  -0001  si  7. 
Then—  H,  =  755[1  -  (-0001817  -  -0000089)18] 

=  756[1  -  (-0001728)  18] 
=  755[1  -  -00311] 
=  752  (552  nearly. 

4.  An  ordinary  mercurial  thermometer  is  placed  with  its  bulb  and 
lower  part  of  stem  in  a  vessel  of  water,  and  indicates  a  temperature 
T.     The  upper  portion  of  the  stem,  containing  n  divisions  of  the 
mercury  column,  is  in  the  air  at  a  temperature  t.     What  is  the  true 
temperature  of  the  water  in  the  vessel  1 

The  true  temperature  of  the  water,  T',  is  that  which  the  thermo- 
meter would  indicate  if  completely  immersed  in  the  water.  If  this 
were  the  case,  the  n  divisions  of  the  mercury  column,  which  are  now 
at  t°,  would  be  at  T'°.  We  have  therefore  to  find  the  expansion 
of  these  n  divisions  for  a  rise  in  temperature  from  t°  to  T'°.  If 
ca  denote  the  mean  coefficient  of  apparent  expansion  of  mercury  in 
glass  we  have  — 

»'s=:fl[l  +  '•(!'-*)] 

But—  T'  =  (  V  -  n)  +  »' 

=  T  +  n'  -  n 
=  T  +  n  (T  -  t}ca  .        (Cp.  Art  12,  4.) 

5.  A  weight  thermometer  weighs  50  grams  when  empty,  and  710 
grams  when  full  of  mercury  at  0°  C.  On  heating  up  to  100°  C.,  10  grams 
of  mercury  are  expelled.     Calculate  the  mean  coefficient  of  cubical 
expansion  of  glass,  assuming  the  mean  coefficient  of  real  cubical 
expansion  of  mercury  to  be  0-000181. 

Applying  (#)  above  we  get  — 

w' 


_ 

(660-10)100     6600 
__  .'.  ca  =  0-000154  nearly. 

IV  =Ca   +C.  (J) 

.'.    C  =  Cr-Ca 

=  0-000181-0000154 
=  0-000027. 
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.t  thermometer  is  employed  to  determine  the 
iijht,  full  of  plycerine  at  0°C=163'13 

grams,  and  at  100°  C  =  157-(>o  prams.     Find  the  mean  coefficient  of 
real  cubical  expansion  of  glycerine. 
As  above — 

'•  =  (W7^    ' 

Here  w  =  6-48,  W.  =  163-13— 50  =  113-13,  and  T  =  100. 

'•   r-  =  (107^)100  =  °^1  nearly, 
and  rr  =  ca  +  c 

.-.  rr  =  0-00051  +  0-000027  =  0-000r>37. 

imples  6,  6,  should  be  studie.1  in  connection  with  Art:  27  (l). 
The  weight  thermometer,  of  questions  4  and  6,  is  employed  to 
the  temperature  of  an  oil  bath.     After  it  has  taken  the 
• rature  of  the  hath,  it  is  found  that  30  grams  of  mercury  have 
been  expelled.    Find  the  temperature  of  the  bath. 
From  (A)  we  have— 


That  is—  30  _6500x30. 

(600— 30)T^T  630 

.  •.  T  =  309-5°  C.  nearly. 

8.  A  glass  bulb,  with  a  uniform  fine  stem,  weighs  10  grams  when 

uns  when  the  bulb  only  is  full  of  mercury,  and  1 1'.'-7 

grams  when  a  length  of  10'4  cm.  of  the  stem  is  also  filled  with 

men  the  relative  coefficient  of  expansion  for  tempera- 

H  placed  in  the  same  bulb,  expands  through 

ngth  from  1"  J  t<>  12 -9  of  the  stem,  when  warmed  from  0°C.  to 

28°  C.  -ity  of  mercury  is  13Mi  grams  per  c.cm, 

I  cm.  of  the  bore  of  the  stem  contains  11D-7  — 
:  =2-4  grams  of  mercury.    .'.  1  cm,  of  bore  of  stem  contains 

1  grams  of  mercury. 
Let  v  denote  the  volume  of  1  cm.  of  bore  of  stem,  then  volume  of 

bulb  is  equivalent  to  that  of  r~~  v~ 3" — v    cm-     of 

stem  =  464-970  nearly. 

.-.    Initial  volume  of  liquid  =  (4f,4-'X.  +  l«>-l)r  =  47.V37*  nearly, 

,477-87r. 

Now,  npplying  formula  of  Art.  27  (2) — 
_n  —  *t 

we  get— 

c*  =  2»xW»7r  =475-87Rx  28  =<*<><X>W* «~^ 

;/.  d-  L.  r.  t- 
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This  is  an  example  of  the  method  described  in  Art.  27  (2).  The 
operations  with  mercury,  referred  to  in  the  first  part  of  question,  con- 
stitute a  simple  method  of  calibration. 

A  more  usual  way  of  working  such  a  question  is  to  deduce  the 
volume  of  the  bulb,  etc.,  in  c.cm.,  by  employing  the  known  density  of 
mercury  (13'6),  thus  :  — 

Volume  of  1  cm.  of  stem        —          c.cm.  =        * 


Total  apparent  expansion  = 


13      13.g 
2-5  x  3 


13  x  13-6 

Mean  coefficient  of  apparent  expansion  between  0°  C.  and  28°  C. 
2-5x3       \    .  100-7 


13xl3-Gx28/    '    13-6 

2-5x3x13-6  2-:>x3 


nrvwviara        ri 
13  x  13-6  x  28  x  1(39-7         3  x  28  x!0'J-7  = 

9.  A  piece  of  glass  weighs  47  grams  in  air,  31-53  grams  in  water  at 
4°  C.  and  31'75  grams  in  water  at  60°  C.  Find  the  mean  coefficient 
of  cubical  expansion  of  water  between  4°  and  60°,  taking  that  of  glass 
as  0-000024. 

From  (Z)  we  have  — 

£*-=!  *  (0-0)  (CO-  4). 

Here— 

W60  =  47-31-75  =  15-25  grams, 
w4  =  47-31-53  =  15-47  grams, 
g  =  0-000024. 
Hence  — 


1-014426  =  1  +  (0-0)56. 
.-.c-g 
That  is— 


=  0-000257. 
56 


c  =  0-000257  +  fj. 

.  -  .  c  =  0-000257  +  0-000024  =  0-000281. 

A  simple  example  such  as  this  may  be,  very  instructively,  worked 
out  from  first  principles.  The  loss  of  weight  of  the  glass  in  water  at 
4°  C.  =  15-47  grams  ;  .  *  .  its  volume  =  15-47  c.cm.,  for  a  gram,  is,  by 
definition,  the  weight  of  1  c.cm.  of  water  at  4°  C.  Hence,  volume  of 
glass  at  60°=  15-47  [1  +(0-000024  x  56)] 

=  15-4908  c.cm. 

Hence,  when  weighed  in  water  at  60°  C.,it  displaces  this  volume  of 
water,  and  therefore  we  have,  that  15-4908  c.cm.  of  water  at  60°  weighs 
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•  grains.    This  weight  of  water  would  occupy  15-25  c.cm.  at  4°  C., 
and  hence  we  have  — 

1 


This  result  agrees  very  closely  with  the  approximation  obtained 
above. 

10.  A  solid  weighs  29-9  grams  in  a  liquid  of  density  1-21  at  10°  C. 

:ghs30-4  grams  in  the  same  liquid  at  95°  C.  when  the  density  of 

the  1  '.ilculate  the  coefficient  of  cubical  expansion  of 

lid,  given  that  its  weight  in  air  =  45-6  grams. 
From  (/)  we  have— 

h- 

tcf  =  tr,0  =  4."  H  -  20  -0  =  1  :.  7 
tr,  =  trM  =  45-6-30  4  =  l.V_\ 
And  therefore  — 

>1  +  (0-0X95-10), 

or  — 

1-0329  =  1  +  83<?-. 


.-.  0-0  =  -:-  =  C00387. 

Oi> 

Here  g  is  rcqu  has  to  be  calculated  from  the  densities  of 

;  at  10°  C.  and  95°  C.    From  Art.  24  we  have— 


That  is  — 


1O34  188  =  l+85o. 

,  =  2^§  =  0-000402. 

Hence  for  g  we  have  — 

0-000402  -  g  =  0<X" 
:/  =  0-OOCH 
11.  A  rod  of  y  Bide  arc 

i>  ui.-ul'-  f-ri  tlif  (•"]•  I-<T  r«  -I.  •-!:'  ••-.  i:"_'  ?!:••  ].-  -:1     :i  •  f  t  !.••  i;:n  ivrtol  cn-l 

• 

it  IB  the  cocffici  :i8ion  of  copper,  that  of  iron 

being  O-OOi 
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12.  Deduce  from  the  table  on  page  67  the  mean  coefficient  of  cubical 
expansion  of  water  between  0°  C.  and  4°  C.  ;  4°  C.  and  10°  C.  and  4°  C. 
and  20°  C. 

13.  In  an  experiment  made  by  Dulong  and  Petit's  method  to  deter- 
mine the  absolute  expansion  of  mercury,  the  following  data  were 
obtained  :  Jtt  —Ii0  =O91  cm.,  7i0  =  50  cm.     The  temperature  of  the 
columns  of  mercury  being  respectively  0°C.  and  100°  C.,  what  value 
does  this  experiment  give  for  the  coefficient  of  absolute  expansion  of 
mercury  ? 

14.  The  weight  thermometer  used  in  the  experiment  of  question  13 
weighed  95 '6  grams  when  empty,  and  676'8  grams  when  full  of 
mercury  at  G°C.  ;  find  the  quantity  of  mercury  expelled  during  the 
experiment. 

15.  In  an  experiment  by  Regnault's  method  for  the  determination 
of  the  absolute  expansion  of  mercury,  the  following  data  were  ob- 
tained :    H  =  100  cm. ;    h  =  12-4  cm.  ;  li'=  15 -97  cm.  ;  t  =  10°  C. ; 
T  =  21 0°  C.     Find  the  value  of  c  given  by  this  experiment. 

16.  The  coefficient  of  absolute  cubical  expansion  of  mercury  is 
•00018,  the  coefficient  of  linear  expansion  of  glass  is  -000008.     Mer- 
cury is  placed  in  a  graduated  glass  tube,  and  occupies  100  divisions  of 
the  tube.      Through  how  many  degrees  must  the  temperature  be 
raised  to  cause  the  mercury  to  occupy  10r56  divisions  ? 

17.  A  porcelain  weight  thermometer  weighs    165  grams    when 
empty  and  468  grams  when  full  of  mercury  at  0°  C.    When  heated  to 
300°  C.,  the  weight  of  overflow  is  found  to  be  13-464  grams.    'Find  the 
mean  coefficient  of  cubical  expansion  of  porcelain  between  0°  and 
'300°  C.,  assuming  that  of  mercury  to  be  -000184  for  the  same  range  of 
temperature. 

18.  A  solid  weighs  320  grams  in  vacua,  240  grams  in  distilled  water 
at  4°  C.,  and  242  grams  in  water  at  100°  C.,  of  which  the  density  is 
0-959.     Find  the  volume  of  the  solid  at  these  two  temperatures,  and 
deduce  therefrom  its  mean  coefficient  of  cubical  expansion  for  1°  C. 

19.  The  barometer  height  at  12°  C.,  as  indicated  by  a  barometer 
with  a  brass  scale,  is  766*45  cm.     Find  the  true  equivalent  height  at 
0°C. 

20.  A  glass  bulb  with  a  straight  graduated  capillary  stem  weighs 
54  grams  when  empty,  367  grams  when  filled  with  mercury,  at  0°C., 
up  to  the  zero  of  the  graduations  on  the  stem,  and  367-12  grams  when 
filled  -with  mercury,  at  0°  C.,  up  to  the  division  marked  100  on  the 
stem.    Find  the  mean  coefficient  of  absolute  cubical  expansion  of  a 
liquid  which  fills  the  bulb  and  stem  up  to  the  10th  division  at  0°  C. 
and  up  to  the  110th  division  at  100°  C. 

21.  If  5  be  the  expansion  of  water  between  4°  and  0°C.,  and  A  its 
expansion  between  4°  and  t°,  show  what  is  the  density  of  water  at  t° 
referred  to  water  at  0°. 
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imection  with  the  expansion  of  gases  the  formulated  expressions 

•aseous  laws  of  Art.  32  should  be  noted  : — 
(1)  Boyle's  Law.  pv  =  k 

Charles'  Law. 
(3)  Law  of  pressures. 

and  (3)  experiment  shows  that  «>  =  cp  —  ,f,  approximately.] 
These  formula;  are  concisely  expressed  by  the  relation — 


pv  —  It  [Art.  32  (i).] 

r,  =  r.  (1  -f  <vO  [  „    ,,   (ii).] 

/'*  =J'o  (I  +<>0  [  »    ».  (»»)•] 


or  more  conveniently,  for  the  purposes  of  calculation,  by  — 


'  =  ££',  [Art.  35  (3).] 
Ji          Ai 

which  is  the  general  expression  of  formulae  (1)  an  t  .  35. 

The  last  fornr.;                             -six  quant'-  •  tli.it, 

if  any  li\-  if  any 

T  the  varia                   i  ,t  it  cancels 
out  of  the  equat                    .it  constant  tcinpiratuie,  \\\  have  — 

lYi=W*  (1«) 

at  constant  pressure, 

£-  =    £       .'.  -^  =   J       (1ft).     (Compare  Art.  35.) 
'i          1>  *i 

and  al  constant  volume, 

a   T1       •'•   ^  =    T1    <lf>'    (Compare  Art.  35.) 
'i  J'l          ** 

«j  coefHcic:  o  (rr)  is  gi-.  -ila  (iv)  of 

•  adapted  in  a  bimil 

ptcra  t/wuld  not   lt> 

\\. 

V  cubic  metro  of  gas  d,  at  con- 

temperature,  to  a  pressure  of  2280  mm 
.  in— 

J'iri  =l>,r,  (la). 

we  have— 

pl  =  7<U)  ;  /;,  =  22SO  mm. 

r,  =  1  cubic  metre  ;  r,  is  required. 

7CO  x  1  =  2280  rr 


HEAT. 

Or— 

760 


2.  A  litre  of  hydrogen,  at  10°  C.,  is  heated  at  constant  pressure  to 
293°C.    Find  its  volume. 

Here,  in  — 

£  =  7  <'  *>• 

^2          12 

we  have— 

r,  =  1  litre'  ;  T,  =  273  +  10  =  283, 
T2  =  273  +  293  =  566  ;  v2  is  required. 
Hence  — 

1_  _  283  _  ^ 
vt        5(J(3       2 
.  •  .  rs  —  2  litres. 

3.  Air  is  enclosed  in  a  vessel  at  0°  C.,  and,  the  volume  being  kept 
constant,  the  temperature  is  lowered  to  —88°  C.,  at  which  temperature 
the  pressure  is  found  to  be  385  mm.     Find  the  pressure  at  0°  C. 

Here,  in— 


we  have  — 

pl  is  required  ;  T,  =  273. 

p,  =  385  mm.  ;  T2  =  273  +  (  -  38)  =  273  -  88  =  185. 

Hence  — 

Pi          273 
385    ~~    185' 
.*.  2}i=i  508  '1  mm. 

4.  Find  the  volume  occupied  at  0°C.  and  760  mm.  pressure  by  5CO  c.cm. 
of  oxygen  measured  at  10°  C.  and  750  mm. 

Here,  in  — 

Wi  _  P#>* 
'1\    --=    T2 

we  have  — 

_7",  =  750  mm.  ;  p^  =  760  mm. 
v  =  500  c.c.  ;  v2  is  required. 
T,  =  273  +  10  =  283  ;  T2  =  273  -f  0  =  273. 
Hence  — 

750  x  500  _  760^ 
'  283        ~~    273 
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Or— 

r  _    273  x  750  x  500 
1  283  x  760 

=  480-635  c.cra. 

6.  A  thousand  cubic  centimetres  of  air  at  50°  C.  are  cooled  down 
to  10°  CM  and  at  the  same  time  the  external  pressure  upon  t: 
is  increased  from  750  mm.  to  765  mm.    What  is  the  volume  reduced 
he  coefficient  of  expansion  of  air  for  1°  C.  being  0-00366  ,' 

Here,  applying  formula  (iv)  of  Art  32,  viz.  — 


we  have  — 

ft  =    750  mm.  pt  =  765  ram. 

r,  =  1000  c.cm.  r,  is  required. 

ti  =     50°  C.  t,  =    10°  C. 

rr  =  0-00366. 

X  1000  >,  _ 

366  X  10/ 

750  X  1000         7fi5r* 


M83 

.  •  .  r,  =  859-06  c.cm. 

Compare  the  density  of  air  at  0°  C.  with  that  of  air  at  100°  C. 
If  we  take  a  irivcn  mass  of  air  at  0°C.,  and  heat  it  to  100°  C.. 

0  instant,  we  have,  a: 
temperature  tidl  =  r//,  ; 


»m  (1  I)  we  have — 

T, 


[T!  ;  <cly  pro|x>rtional  to  absolute  temperature. 

Compare  Art.  24.  J 

Heie  then — 

"» 
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7.  The  mass  of  a  litre  of  air  at  0°  C.  and  760  mm.  pressure  is  1-293 

grams  ;  find  the  mass  of  a  litre  of  air  at  100°  C.  and  750  mm.  pressure. 

The  volume  being  constant,  mass  is  proportional  to  density,  that  is  — 

M  «* 

M'      d'  ' 

But,  as  in  Example  6,  -,  =~, 

and,  by  Boyle's  law,        ~  =£,.      .'.  -,  =£'.-2    ; 


.        =      . 

Here,  M  =  1-293  grams,  T  =  273,  p  =  7GO. 
M'  is  required,        T'  =  373,  p'  =  750. 

.-.  M'  =  1-293  x  ?Z?  x  Z22*  =  -9343  grams. 
373        760 

8.  In  a  determination  of  the  coefficient  of  expansion  of  air  by  Gay 
Lussac's  method  the  volume  of  the  air  in  the  tube  was  found  to  be 
240  c.cm.  at  0°  C.,  and  at  77°  C.  its  apparent  volume  was  310  c.cm.    Find 
the  value  obtained  for  the  required  coefficient.    The  mean  coefficient 
of  cubical  expansion  of  glass  is  0*000026. 

9.  In  an  experiment  with  the  apparatus  of  Fig.  32  it  is  found  that 

at  0°  C.  Ym  =  506  c.cm.,  Vm-  =  686  c.cm.,  and-  =  1-5  c.cm.    The 

n 

cylinder  L  L  is  first  filled  with  ice,  and  the  level  of  the  mercury  ad- 
justed to  m.  The  ice  is  then  removed,  and  a  rapid  current  of  steam 
at  100°  C.  passed  through.  On  final  adjustment  of  the  mercury  it  is- 
found  that  the  level  of  the  column  coincides  with  the  third  division  of 
the  scale  m'  m".  Find  the  coefficient  of  expansion  of  air,  given  the 
coefficient  of  cubical  expansion  of  glass  is  -00002(5. 

10.  The  weight  thermometer  of  question  14  (Ex.  V.)  is  used  to 
determine  the  mean  coefficient  of  expansion  of  air  by  the  method  of 
Art.  33.     Determine  to,  given  g  =  -000026  and  cr  for  air  =  0-003GG5. 

11.  A  porcelain  air  thermometer  is  used  to  determine  the  tempera- 
ture of  a  furnace.     The  excess  of  the  pressure  of  the  air  in  the  bulb 
over  the  atmospheric  pressure  is  found  to  be  that  due  to  1843  mm.  of 
mercury.     Find  the  temperature  of  the  furnace,  given  that  the  baro- 
metric height  at  the  time  of  determination  equals  758  mm. 

*  This,  and  similar  relations,  can  be  written  down  at  once  by 
noticing  whether  the  given  changes  of  temperature  and  pressure 
involve,  respectively,  an  increase  or  decrease  of  the  quantity  con- 
sidered, and  then  arranging  the  ratios  accordingly. 
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12.  A  volume  V  of  gas  at  pressure  P  and  temperature  T  is  h» 

(1)  at  constant  pressure  and  (2)  at  constant  volume  to  a  temperature 
Express  in  terms  of  P,  V,  T,  and  T'  the  resulting  slate  in  each  case. 
[The  state  of  a  piven  mass  of  gas  is  expressed  by  giving  its  pressure, 
volume,  and  temperature.] 

13.  Ten  litres  of  hydrogen  at  20°  C.  and  750  mm.  pressure  occupy  a 
volume  of  9">32*4  c.cm.  at  1  <  :  •'.(.)  mm.  pressure.    Find  the  mean 
coefficient  of  expansion  of  hydrogen. 

1 4.  A  straight  vertical  tube,  the  section  of  whose  bore  is  one  square 
inch,  is  cl>  .n<l  contains  a  quantity  of  air,  which 

i;_'ht  is  1  Ib.    The  position  of  the 

piston  is  observed  when  the  temperature  of  the  air  is  31°  C.,  and  the 
•it  of  the  piston  is  then  increased  by  1  Ih.     Find  what  in<  : 
:pcrature  will  be  required  to  bring  back  the  piston  to  its  former 
;  >n.  the  atmospheric  pressure  being  1">  11>.  JTI  Mpiare  inch,  and 
the  absolute  zero  of  the  air  thermometer  being  —  273°  C. 

1  •".  Determine  the  height  of  the  barometer  when  a  milligramme  of 
air  at  27°  C.  occupies  a  volume  of  20  c.cm.  in  a  tube  over  me: 
the  mercury  standing  73  cm.  higher  inside   the  tube  than  ou 
im  of  air  at  0°C.  under  a  pro.- sure  of  7G  cm.  of  mercury  men- 
cm.) 

The  volume  of  a  bubble  of  gap,  generated  under  water  at  a 
La  2  o.cin.  s  the 

•i?  assuming  the  temperature  to  increase  T  < 

mpcrature  at  the  surface  to  be  15°  C.,  and  the  pressure  of 
luc  to  10  metres  of  water. 

17.  A  litre  of  hydrogen  weighs  OO89G  gram  at  0°C.  and  7GO  mm. 
pressure.     Find  the  weight  of  a  litre  at  20°  C.  and  766  mn; 

18.  Compare  the  density  of  air  at  10°  C.  and  750  mm.  pressure  with 
its  density  at  15°  C.  and  760  mm 

19.  A  flask  containing  air  is  corked  up  .:•  <1  in  an 
ill.     A  pressure  of  two  v                          Le  the  tlask  will  force 

the  cork  out ;  at  what  temperature  will  this  take  pi;. 

20.  will  a  volume  of  air  at  0°  C.,  when  heated 
at  constant  pressure,  double  its  volun 

A  thin  spherical  glass  bulb,  2  cm.  in  di.i  lining  air 

is  sen  losed  in  a  spheri<-:il  vrssi-1  In  cm.  in  ilia:. 

and  containing  the  same  quant 

.>ed  until  \ 

pressure  in  the  enclosing  vessel  -5  atmospheres ; 

find  the  pressure  I  bulb  just  before  bur- 

22.  Find  the  temperature  of  absolute  zero  on  the  Fahrenheit  scale. 
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EXAMINATION   QUESTIONS. 

QUESTIONS  SET  AT  LONDON  UNIVERSITY  EXAMINATIONS. 
Matriculation. 

1.  Describe  the  process  of  filling  and  closing  a  mercurial  thermo- 
meter.    It  is  sometimes  found  that  when  a  mercurial  thermometer 
is  placed  in  melting  ice,  the  temperature  indicated  is  not  zero,  but  a 
fraction  of  a  degree  above  zero  :  how  is  this  explained  1    Jan.,  1876. 

2.  Describe  an  apparatus  by  which  the  Coefficient  of  Expansion  of 
a  Gas  may  be  found.     600  cubic  centimetres  of  Oxygen  Gas  are 
measured  when  the  temperature  is  20°  C.,  and  the  temperature  is  then 
raised  to  40°  C.,  the  pressure  meanwhile  remaining  invariable.    What 
is  the  volume  of  the  Oxygen  at  the  latter  temperature  ?    (The  Co- 
efficient of  Expansion  of  Oxygen  is  *$&*.)  June,  1876. 

3.  A  thousand  cubic  inches  of  air  at  a  temperature  of  30°  C.  are 
cooled  down  to  zero,  and  at  the  same  time  the  external  pressure  upon 
the  air  is  doubled.     What  is  the  volume  reduced  to,  the  coefficient  of 
expansion  of  air  for  1°  C.  being  O'OOSGtJ .'  Jan.,  1877. 

4.  State  precisely  the  law  which  regulates  the  connection  between 
the  temperature  and  the  pressure  and  volume  of  a  gas,  and  show  that 
the  statement  of  this  law  will  be  the  same,  whether  we  study  the 
increase  of  volume  of  a  gas  whose  pressure  is  constant,  or  the  increase 
of  pressure  of  a  gas  whose  volume  is  constant.  June,  187 7. 

5.  Explain  the  phrase  <:  mean  coefficient  of  linear  expansion  of  a 
substance  between   0°  and  t° ; ;  "  and  show  that  the  coefficient  of 
cubical  expansion  of  a  metal  is  very  approximately  equal  to  three 
times  its  coefficient  of  linear  expansion.  Ibid. 

6.  What  is  meant  by  "  the  point  of  maximum  density  "  of  water  ? 
Sketch  and  describe  an  apparatus  by  which  this  point  may  be  deter- 
mined. Jan.,  1878. 

7.  If  a  bulb  of  a  thermometer  with  a  fine  stem  be  immersed  in  hot 
water,  it  is  sometimes  noticed  that  the  mercury  falls  before  it  begins 
to  rise.     Explain  this.  June,  1878. 

8.  Describe  some  accurate  method  of  determining  the  coefficient  of 
linear  expansion  of  a  steel  bar. 

If  the  expansion  of  steel  is  f  that  of  brass  under  the  same  change 
of  temperature,  what  will  be  the  best  arrangement  of  rods  of  these 
metals  to  form  a  gridiron  pendulum  1  Ibid. 

9.  Why  do  we  generally  speak  of  degree*  of  temperature,  but 
quantities  of  heat  ? 

'•  If  two  bodies  are  in  thermal  equilibrium  with  the  same  body. 
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they  arc  in  thermal  equilibrium  with  one  another."    How  would  you 
this  statement  experimentally?  Jan.,  1881. 

10.  Define  the  coefficient  of  linear  expansion  of  a  substance. 

Describe  an  experiment  which  shows  that  the  coefficient  of  expan- 
sion of  some  metals  is  much  greater  than  that  of  others. 

;>lain  the  construction  of  a  (compensating)  chronometer  balance 
wheel.  June,  1882. 

1  1  .  State  the  law  connecting  the  volume,  pressure,  and  temperature 
of  a  given  mass  of  gaa     Describe  a  method  of  investigating  th< 
tion  between  the  pressure  and  temperature  of  a  quantity  of  gas  whose 
volume  is  kept  constant.  .  1883. 

Mguish  between  the  absolute  and  apparent  expansion  of 
mercury  contained  in  a  thirmometcr. 

The  coefficient  of  absolute  (cubic)  expansion  of  mercury  is  "00018, 
the  coefficient  of  linear  expansion  of  glass  is  *000<*  iry  is 

placed  in  a  graduated  glass  tube,  and  occupies  100  divisions  of  the 
tube.  Through  how  many  degrees  must  the  temperature  be  raised  to 
cause  the  mercury  to  occupy  101  divisions  ?  June,  1883. 

13.  Why  is  it  necessary  to  determine  the  freezing  point  upon  a 
thermometer  before  determining  the  boiling  poi 
the  boiling  point,  why  is  it  necessary  to  observe  the  barometer 
the  freezing  point  affected  by  the  height  of  the  barometer,  and  if  so, 
why! 


Distinguish  between  the  coefficients  of  apparent  and  of  absolute 
expansion  of  mercury,  and  explain  how  the  latter  quantity  may  bo 
determined.  Junf,  \> 

15.  How  may  the  relation  between  the  pressure  and  temperature 
of  a  given  mass  of  air  at  constant  volume  1 

A  quantity  of  air  occupies  1<  •  at  0°  C.  and  under  a  pres- 

sure of  20  inches  of  mercury.     What  will  be  its  volume  at  30°  C., 
under  a  pressure  of  1  ,  200  inches  of  mercury  ?  Ibid. 

16.  A  glass  flask  contains,  when  full  at  0°C.,  100  c.cm.  of  mercury. 
The  coefficient  of  cubical  expansion  of  glass  being  0-0000i>i 

of  mercury  0*0001  8,  find  the  volume  at  100°  C.  <  iven 

out  when  the  flask  and  mercury  are  heated  to  100°.         Jan.  1886. 

17.  Explain  accurately  what  is  meant  by  the  statement  that  the 
coefficient  of  expansion  of  air  is  ,f  3.     The  volume  of  a  certain 
quantity  of  air  at  50°  C.  is  500  cubic  inches.    Assuming  no 
pressure  to  take  place,  determine  its  volume  at  -50V  'J°C. 

Jan.,  188G. 
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Intermediate  Science. 

18.  Explain  the  methods  of  determining  accurately  the  Freezing 
and  Boiling  points  of  a  mercurial  thermometer.  1869. 

19.  A  barometer  with  a  brass  scale  which  has  been  adjusted  at  0°  C. 
stands  at  778  mm.  when  the  temperature  is  20°  C.     What  pressure  in 
kilograms  per  sq.  cm.  does  this  indicate  ? 

(Coefficient  of  linear  expansion  of  brass      =  0-0000188  ; 
„  cubical          „        „  mercury  =  0-0001 803  ; 

Weight  of  cubic  centimetre  of  mercury  at  0°  C.  =  13-596.) 

1870. 

20.  Describe  and  explain  some  form  of  Compensating  Pendulum, 
and  show  how  to  find  the  relative  lengths  which  the  different  parts 
must  have  in  order  to  render  the  compensation  accurate — the  co- 
efficients of  expansion  of  the  materials  being  known.  1871. 

21.  Describe  and  explain  fully  the  method  by  which  the  Absolute 
Expansion  of  Mercury  has  been  measured.  Hid. 

22.  State  facts  in  confirmation  of  the  statement  that  the  expansion 
of  mercury  between  the  temperatures  0°  and  100°  C.  is  more  uniform 
than  that  of  water,  and  that  the  expansion  of  air  is  still  more  uniform 
than  that  of  mercury.  1872. 

23.  Assuming  that  the  mean  coefficient  of  expansion  of  mercury 
for  1°  C.  is  -0001815,  and  that  of  the  glass  of  a  thermometer  '00002(5, 
find  the  reading  of  such  a  thermometer,  of  which  the  bulb  is  plunged 
in  water  at  the  temperature  of  100°  C.,  while  the  stem  is  exposed  to 
air  of  the  temperature  of  10°  C.  1873. 

24.  Suppose  that  an  English  barometer  with  a  brass  scale  giving 
true  inches  at  the  temperature  62°  F.,  reads  29-5  inches  at  45°  F. ; 
what  is  the  pressure  in  true  inches  of  mercury  reduced  to  the  specific 
gravity  it  has  at  32°  F.  ?    [The  coefficient  of  linear  expansion  of  brass 
is  0-00001,  and  that  of  the  cubical  expansion  of  mercury  is  0-0001 ; 
both  for  1°  F.]  1874. 

25.  Describe  the  method  of  constructing   a  standard  mercurial 
thermometer.     State  and  explain  the  following  corrections :  (1)  on 
account  of  change  of  zero  ;  (2)  on  account  of  recent  heating  ;  (3)  on 
account  of  position  ;  (4)  on  account  of  temperature  of  stem.     Why 
is  it  impossible  to  have  a  Water  Thermometer  ?  1875. 

26.  Describe  a  method  of  determining  the  apparent  expansion  of 
mercury,  and  explain  how  the  instrument  employed  for  the  purpose 
may  be  used  as  a  thermometer.  1878. 

27.  Explain  fully  what  is  meant  by  the  mean  coefficient  of  expan- 
sion of  a  substance  between  assigned  limits  of  temperature. 

Describe  a  method  of  determining  the  mean  coefficient  of  expan- 
sion of  air  at  constant  pressure  between  0°  C.  and  100°  C. 

1879. 
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Describe  a  method  of  measuring  the  coefficient  of  expansion 
of  a  metal  rod. 

A  solid  at  0°  when  immersed  in  water  displaces  500  cubic 
inches.  At  30"  < '.  it  displaces  503  cubic  inches.  Find  its  mean 
coefficient  of  linear  expansion  between  0°  and  30°.  1880. 

29.  Describe  experiments  which  show  that  in  a  perfect  gas  ^-  has 

a  constant  value,  where  ;>,  r,  and  t  represent  respectively  the  pressure, 
volume,  and  absolute  temperature  of  a  given  mass  of  the 

What  data  w.-uld  be  iv«iuiri-d  in  nrder  to  determine  the  value  of 
this  constant,  supjwsing  the  gas  to  be  atmospheric  air.  anil 
its  mass  one  gram  .' 

30.  Describe  and  explain  a  method  of  comparing  experimentally 
the  expansions  of  other  liquids  with  that  of  mercury. 

:>1.  Explain  how  the  apparent  weight  of  a  body  in  air  varies  with 
its  rise  of  temperature. 

A  piece  of  iron,  measuring  1000  c.cm.,  is  weighed  at  0°  C.,  and  again 
at  100°  C.  What  will  be  its  apparent  change  in  weight  .' 

Coefficient  of  expansion  of  air  .     =  0-0  r 

„  „  iron  (linear)    =  O'OOOO! 

Mass  of  ICOO  c.cm.  of  air  at  0°       .        .     =  1  -293  grams. 

The  pressure  is  supposed  to  be  normal  throughout.  1886. 

i  air  thermomct  -  ^  it  constructed,  and  how  is 

rmometer,  <>f  m< 
ingtempc!  and  800° C.?    (See  p.  121.)       1887. 

33.  At  the  sea-level  the  barometer  stands  at  7."0  m.m.,  and  the 
temperature  is  7°C.,  while  on  the  top  of  a  mountain  th- 
is at  400  mm.,  and  the  temperature  is  —  13°  C. ;  compare  the 
*  of  &  cubic  metre  of  air  in  the  two  places, 
se  barometric  readings  may  be  taken  as  corrected  for  tem- 
perature. 1889. 


so 


CHAPTER   V. 


CAL  OHIMETR  Y. 


44.  IN  connection  with  this  subject  the  following  relations  should  be 
noticed  : — 

1.  Q  =  m  s  (t'  —  t)  (Art.  39).    Q  denotes  the  quantity  of  heat  lost  or 
gained  by  a  body  of  mass  m  and  specific  heat  s  during  change  of 
temperature  from  t  to  t'. 

2.  w  =  m  s  (Art.  39).    w  denotes  the  water  equivalent  of  a  body 
of  mass  m  and  specific  heat  s. 

3.  Principle  of  calculation    for  problems  on  method  of  mixture 
(Art.  40).     The  method  of  mixture  always  involves  the  loss  of  heat  by 
one  portion  of  the  system  considered,  and  a  corresponding  gain  of 
heat  by  the  remaining  portion.    If  the  former  portion  be  represented 
by  A,  and  the  latter  by  B,  the  principle  of  calculation  for  the  method 
may  be  stated  thus — 

The  loss  of  heat  by  A  during"!  f  The  gain  of  heat  by  B  during 
the  change  from  its  initial  V  =  -^  the  change  from  its  initial 
to  its  final  state  J  [  to  its  final  state. . 

In  applying  this  the  following  points  must/  be  attended  to :  (a) 
There  must  be  no  loss  or  gain  of  heat  from  without.  (Z<)  The  total 
mass  of  the  system  must  be  constant  throughout.  This  condition  is 
really  involved  in  (a). 

4.  Principle    of    calculation  for    method  of  cooling    (Art.  41). 
Rate  of  loss  of  heat,  under  the  same  conditions  (Art.  41,  (1),  (2),  (3), 
the  same  for  all  liquids. 

EXAMPLES  VII. 

1.  Ten  grams  of  water  at  9S°  C.  are  poured  into  a  copper  vessel, 
weighing  25  grams  and  containing  100  grams  of  water  at  6°  C.  Find 
the  final  temperature  of  the  mixture.  Specific  heat  of  copper  =0'092. 

Here,  if  6  denote  the  final  temperature,  we  have — 

The  heat  lost  by  the  ten  grams  of  water  initially  at  98°  C. 
=  10(98  -  0)  units. 

Heat    gained.— (1)   By  copper  vessel  =  25  x  -092(0  —  6)  units 
=  2-3(0  —  6)  units. 

(2)  By  water  in  copper  vessel  =  100(0  —  6). 

Hence,  equating  we  get 

10(98  -  0)  =  102-3(0-6). 
.-.  112-3  0  =  1593-8,  or  6=  U'2°  C.  (nearly). 
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In  order  to  determine  the  specific  heat  of  silver,  a  piece  of  the 
metal,  weighing  21  grams,  is  heated  to  98°  C.  and  then  dropped  into  a 

i  meter  contninin  ,  100  grams  of  water  at  10°  C.    The  final 
perature  of  the  mixture  is  11°  C.  ;  find  the  specific  heat  of  silver. 
The  water  equivalent  of  the  calorimetric  apparatus  is  3*6  grams. 

.  if  *  denote  the  specific:  heat  of  -  ret  — 

Heat  lost  by  the  silver  =  21  x  *  x  (98-11)  =  1827*  units. 
Heat  gained— 

By  calorimetric  apparatus  =  3*0(1  1  —  10)  =  3-6  units. 
(*)  By  water  in  calorimeter  =  100(1  1  -  10)  =  100  units. 
Hence,  equating  we  get  — 

:  .«  =  103-6. 


=o,5cr. 

Ten  grams  of  common  salt,  at  91°  C.,  having  been  immersed  in 
:rams  of  oil  of  turpentine  *  at  13°  C.,  the  temperature  of  the 
mixture  was  16°  C.      Find,  from  these  data,  the  specific  heat  of 
common  salt,  supposing  no  loss  or  gain  of  heat  to  have  taken  : 
from  without  and  taking  the  specific  heat  of  oil  of  turpentine  as  * 
Here  we  have  — 

10  x  s  x  (91  -1C)  =  125  x  0-428  x  (16-13) 


A  mass  of  200  grams  of  copper,  whose  specific  heat  is  0-095,  is 
heated  to  100°  C.,  and  placed  in  100  grams  of  alcohol  at  8°  C.,  con- 
tained in  a  copper  calorimeter,  whose  mass  is  25  grams,  and  the 
••rature  rises  to  28'5°  <  he  specific  heat  of  the  alcohol. 

heat  lost  by  the  copper 

=  200  x  095  x  (100-28-5) 
=  (200  x  )  gram-degrees. 

The  heat  gained— 
(a)  By  the  calorimeter  =  •':?*•:,  _  s) 

=  (25  x  -095  x  20-5)  gram  -degrees. 
('>)  By  the  alcohol 

=  (100  x  *  x  20-5)  gram-degrees, 

*  denotes  :ic  heat  of  the  alcohol.     Then,  equating 

total  loss  at.  ive— 

(200  x  -095  x  71-6)  •  x  20-.1)  +  (100  x  20'5  x  «), 

:»  =  48-6876  +  2060  «. 
L'050  *  =  1309'.'  1 

.-.  *  =  (>< 


•  Water  could  not  be  used  in  thi*  case  as  common  salt  IB  soluble 
In  water.    This  point  should  be  noticed. 
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5.  The  following  data  were  obtained  in  an  experiment  for  the  deter- 
mination of  the  water  equivalent  of  a  given  calorimetric  apparatus. 

Weight  of  apparatus 45-623  grams. 

„        „          ,.  +  water  .        .        .  224-583     „ 

Initial  temperature  of  apparatus  and  water  9°  C. 

Temperature  of  hot  water  ....  78°  C. 

Final  temperature 13-2°  C. 

Weight  of  apparatus  after  addition  of  hot  water  236-493    „ 

\_Xote. — These  data  are  given  in  the  order  of  their  determination 
in  an  actual  experiment.] 

Here- 
Weight  of  water  in  calorimeter  =  224-583  — 45'623  =  178-960  grams, 
and  weight  of  hot  water  added  =  236-493-224-583  =  11-91  grams. 

Therefore,  if  w  denote  the  water  equivalent  of  the  apparatus,  we 
have — 

(1 78-96 +  w)  (13-2-9)  =  11-91(78-13-2), 
4-2  (178-96  +  w)  =  11-91  x  64'8, 
751-632  +  4-2  w  =  771-768, 
.-.  4-2  w  =  20-136. 

.  -.    w  =  4-794  grams. 

6.  A  ball  of  platinum,  whose  mass  is  200  grams,  is  removed  from 
a  furnace  and  immersed  in  150  grams  of  water  at  0°  C.     If  we 
suppose  the  water  to  gain  all  the  heat  which  the  platinum  loses,  and 
if  the  temperature  of  the  water  rises  to  30°  C.,  what  is  the  temperature 
of  the  furnace  ?     Specific  heat  of  platinum  is  0-031. 

Here,  if  T  denote  the  temperature  of  the  furnace,  we  have — 
200  x  -031  (T- 30)  =  150  x  30. 
.-.  G-2(T-30)  =  4500. 

.-.  6-2  T  =  4500 +186. 
.-.  C-2T  =  4G86. 

•••T=^6==755,8a 

[This  example  indicates  a  method  of  measuring  very  high  tem- 
peratures.] 

7.  A  volume  of  air,  at  100°  C.,  whose  mass  is  30  grams,  is  passed 
through  a  copper  worm,  immersed  in  197  grams  of  water  initially  at 
10°  C.,  and  finally  at  13°  C.     Find  the  specific  heat  of  air,  given  that 
the  water  equivalent  of  the  calorimetric  apparatus  is  10  grams,  and  that 
the  loss  of  heat  by  cooling  of  the  calorimeter  during  the  experiment 
is  9  gram -degree  units. 

Here  the  air  is  not  all  cooled  to  the  same  temperature — that  which 
passes  through  first  is  cooled  down  to  10°  C.,  but  as  the  temperature 
of  the  calorimeter  rises,  the  fall  of  temperature  of  the  air  becomes 
gradually  less.  If  the  increase  of  temperature  in  the  calorimeter  be 
supposed  to  be  uniform,  the  heat  actually  lost  by  the  air  is  approxi- 
mately equal  to  that  given  by  supposing  the  total  mass  of  air  to  be 


33 

1  down  to  the  mean  temperature  of  the  calorimeter  during  the 
time  occupied  by  the  experiment*    Ilence — 

:.>stby  the  air— 
=  30  x  t  (100-  10  +  13)  units  =  30  x  «  x  88-5  units  =  2635  *  units. 

:  gained  by  calorimeter  and  contained  water — 
=  3  (197  +  10)  =  207  x  3  =  621  units. 

The  heat  lost  by  the  cooling  of  the  calorimeter  was  originally  derived 
from  the  air, 

.  -.  the  total  gain  of  heat  =  621  +  9  =  630  units. 
Hence,  equating  we  get 

-  $  =  630 

.,.=  -=0,3, 

[This  example  should  be  studied  in  connection  with  Art.  42  to  which 
ipplementary.] 

The  following  data  were  obtained   in  an  experiment  for  the 
determination  of  the  specific  heat  of  shot : 

-ht  of  shot 40-36  grams. 

„         „  brass  wire  basket  carrying  shot        2-4       „ 
.lorimttric  apparatus      .        .       8<M        „ 

nperature  of  water      .         .        .       10°  C. 
'     „          „    shot       .        .        .       '.'s°C. 
„  mixture         .        .      1 1°'4  C. 

.  the  specific  heat  of  the  shot,  pivcn  that  the  specific  heat  of 
brass  is  -09,  and  the  water  equi  aratus  is  2-8  grams. 

9.  280  grams  of  tine  (specific  heat  =  -095)  are  ra  tem- 
perature 97°  and  imnuT.»r<i  in  150  grams  of  water  at  14°  contai:. 

;  i>er  calorimeter  weighing  96  grams.    '1  c  heat  of  c 

:  O95,  what  will  be  the  temperature  \turc  supposing 

ingc  of  heat  ex 
is  the  wat- 

10.  A  copper  vessel  containing  a  thermometer  is  at  12°  C. : 

of  water  at  CO0  are  poured  in,  and  t!  ng,  is 

*  It  •'-  important  to  notice  tl  >asses 

through  the  calorimeter  and  does  not  rcm.-.in   in  it  until  the  final 
raturc  is  reached,  butescapcsii 
is  the  case  that  the  method 
example  is  to  IK  f.  Art.  44,  3,  b.) 

U.  d  D 
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found  to  be  50°  :  find  the  thermal  capacity,  or  water  equivalent,  qf 
the  vessel  and  thermometer. 

11.  In  a  determination  of  the  specific  heat  of  a  liquid  by  the 
method  of  cooling  the  following  data  were  obtained  : 

Weight  of  calorimeter  (copper)       .        .  16'24  grams. 

„  „  and  liquid    .        .  27-18      „ 

.,  „  ..     water    . 

Time  of  cooling  of  liquid  from  60°  to  55°  C. 
water 


140  seconds. 
330 


»> 

Find  the  specific  heat  of  the  liquid.  [The  water  equivalent  of  the 
calorimeter  must  be  determined  from  its  weight,  and  the  specific  heat 
of  its  material  (Art.  39).] 

12.  Determine  the  specific  heat  of  copper  from  the  following  data  : 
Weight  of  copper    .....  16'65  grams. 


water  in  calorimeter 
Initial  temperature  of  copper  . 


water  and  calorimeter 


Final  .,  mixture 

Water  equivalent  of  calorimeter,  etc. 
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99°-5  C.  " 
12°  C. 
14°-5  C. 
2'1  grams. 


13.  Determine  the  specific  heat  of  alcohol  from  the  following 
data  : 

Weight  of  copper  calorimeter   ....  20'4  grams. 

„  .,  „  +  alcohol        .  70-5       „ 

..  „      dropped  into  calorimeter       .  10-5       „ 

Initial  temperature  of  calorimeter  and  alcohol  10°  C. 

„  „          „   copper   .        .        .        .  98°  C. 

Final  „          „    mixture.        .        .         .  12-6°  C. 

14.  Ten  srrams  of  sulphuric  acid,  enclosed  in  a  sealed  glass  tube 
weighing  4'3  grams,  are  heated  to  80°  C.  and  dropped  into  86  grams 
of  water  at  10°  C.  contained  in  a  copper  vessel  weighing  15  grams. 
Find  the  final  temperature  of  the  mixture,  the  specific  heat  of  sul- 
phuric acid  being  taken  as  0*34. 

15.  A  piece  of  platinum,  weighing  120  grams,  is  taken  from  a 
furnace  and  at  once  dropped  into  100  grams  of  water  at  10°  C.,  con- 
tained in  a  copper  vessel,  weighing  21  grams.     The  final  temperature 
is  found  to  be  37°  C. :  find  the  temperature  of  the  furnace. 

16.  100  grams  of  mercury  at  250°  C.  are  mixed  with  80  grams  of 
mercury  at  15°  C.  in  a  glass  vessel  weighing  35  grams.     Find  the  final 
temperature  of  the  mixture. 

17.  Ecgnault  found  that  lOO'o  units  of  heat  were  required  to  raise 
the  temperature  of  unit  mass  of  water  from  0°  C.  to  100°  C.,  and 
203-2  units  to  raise  its  temperature  to  200°  C.    Find  the  mean  specific 
heat  of  water  between  0°  C.  and  100°  C.,  between  100°  C.  and  200°  C., 
and  between  0°  C.  and  200°  C. 
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Equal  weiehts  of  two  liquids  of  specific  heats  /  and  *",  at  tem- 
peratures t'  and  t"  are  poured  into  a  glass  vessel  of  mass  m,  specific 
neat  *,  and  temperature  t .  Find  the  final  temperature  of  the  mixture. 

1 1  volumes  of  two  liquids  A  and  B  are  mixed.    Find  the 
final  temperature. 

Specific  gravity  of  A  =     1'8  ;  of  B  =   '56. 
ic  heat  of       A  =     0'3  ;  of  B  =  0-6. 
Temperature  of      A  «  60°  C. ;  of  B  =  40°  C. 

20.  One  hundred  litres  of  hydrogen,  measured  at  0°  C.,  arc  heated 
in  an  oil  bath  to  210°  C.  and  then  passed  through  a  calorimeter  con- 
•g  600  grams  of  water  initially  at  10°  C..  and  finally  a 

•  heat  of  hydrogen,  given  that  the  water  equivalent 
of  the  calorimetric  apparatus  =  5  grams,  loss  of  heat  by  cooli: 
calorimeter  during  passage  of  gas  =  3'6  gram-degree  units,  weight  of 
1  litre  of  hydrogen  =  0-0896  grams  at  0*C. 
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CHAPTER  VI. 


CHANGE    OF    STATE : -LIQUEFACTION  AND 
SOLIDIFICATION. 


53.  THE  following  points  referred  to  in  the  chapter  on  this  subject 
should  be  noticed  : — 

1.  If  L  denote  the  latent  heat  of  fusion  of  a  given  substance,  then 
the  quantity   of  heat  absorbed  during  fusion  by  a  mass  m  of  that 
substance  is  represented  by  m  L,  and  the  quantity  of  heat  evolved 
during  solidification  of  a  mass  m  of  the  substance  is  also  represented 
by  mL. 

[In  each  of  these  cases  the  temperature  of  the  substance  remains 
constant  during  the  change  of  state,  but  the  heat  absorbed,  or  given 
out,  affects  the  temperature  of  adjacent  substances.] 

2.  Bunsen's  ice  calorimeter.     The  formula  *  =  — ^    should   not 

be  used  for  the  solution  of  problems.  It  is  however  convenient  to 
know  it  for  the  verification  of  answers  obtained.  It  is  also  helpful  to 
remember  that  a  decrease  of  volume,  v,  in  the  calorimeter  indicates, 
approximately,  the  melting  of  llv  grams  of  ice  and  a  consequent 
absorption  of  llvL  gram-degree  units  of  heat,  where  L  denotes  the 
latent  heat  of  water.  Problems  generally  contain  all  necessary  il:it;i 
and  are  best  worked  out  from  the  given  data  by  the  method  explained 
in  Art.  52. 

EXAMPLES  VIII. 

1.  Ten  grams  of  ice  at  — 10°  C.  are  mixed  with  120  grams  of  water  at 
$0°  C.     Find  the  final  temperature  of  the  mixture.     (Specific  heat  of 
ice  =  OS  and  latent  heat  of  water  =  80.) 

Here,  if  6  denote  the  final  temperature  we  have  — 

Loss  of  heat  by  water  =  120(80  —  0). 

Gain  of  heat  by — 

(a)  Ice  during  change  of  temperature  from  — 10°  C.,  to  0°  C. 
=  (10  x  -5  x  10)  units  =  50  units. 

(&)  Ice  during  change  of  state  from  ice  at  0°  C.  to  water  at  0°  C. 
=  10  x  80  units  ==  800  units. 

(c)  Water  thus  produced  during  change  of  temperature  from  0°  C. 
to  6°  C.  =  100. 

Hence,  equating  we  get — 

120(80-0) =50 +  800 +105. 
.  •.  130  6  =  8750,  or  6  =  67-3°. 

2.  How  many  nnits  of  heat  would  cause  a  mixture  of  ice  and 
water  to  contract  by  50  c.mm.,  if  100  c.mm.  of  water  at  0°  C.  become 
109  c.mm.  on  freezing  ? 
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Here,  the  contraction  resulting  from  the  production  of  100  c.mm. 
of  water  is  9  c.mm. 

But  100  c.mm.  of  water  =  O'l  c.cm.,  and  therefore  weighs,  approxi- 
mately, o-l 

;  action  of  9  c.mm.  indicates  the  melting  of  O'l  gram 
the  consequent  absorption  of  (O'l  x  80)  =  8  gram-degree 
units  of  heat. 
Therefore  a  contraction  of  60  c.mm.  indicates  the  absorption  of 

°—  ^-  =  44  -  gram-degree  units  of  heat, 

Petermine  the  specific  heat  of  a  given  metal  from  the  following 
data  of  an  experiment  with  Bunsen's  calorimeter. 

f  metal  dropped  into  calorimeter        .  0*88  grams. 

!>crature  „  „  .  93°  C. 

Distance  travelled  by  mercury  thread  in 

capillary  tube     !        .....  7'6  mm. 

Area  of  cross  section  of  bore  of  tube         .        .  1  sq.  mm. 

Density  of  ice    .......    y3 

Density  is,  by  definition,  the  mass  of  unit  volume,  t.r.— 

TO  =  v  d  ,  or  v  =  J 
.  •.  the  volume  of  1  gram  of  water  =  1  c.cm. 

and  the  volume  of  1  gram  of  ice  =  I"l  =  T-~  c.cm. 

1L' 

1  be  diminution  of   volume  resulting  from  the  conversion  of 
1  gram  of  ice  into  1  gram  of  water  at  0°  C.  =  (  -J  —  1  jc.cm.  =  —  c.cm. 

asc  of  volume  in  experiment  of  question  =  7-6  x  1  c.mm. 
=  -0070  c.cm. 

•007G 

.ass  of  ice  melted  =       1  =  *0836  c.cm., 

ll 
end  heat  absorbed  =  '0836  x  80  =  6*688  gram-degree  r. 

heat  lost  by  piece  of  metal  =  -88  x  *  x  <j*  =  80  "2  1  s. 

Hence,  equating  we  get— 

80-24  *  =  6'688. 


[From  fommh.  ,  =       ft  we  get  .  ,  •  (W76.  .  .] 
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4.  If  the  specific  hc.it  of  tin  is  0*050,  and  the  latent  heat  14-25, 
what  quantity  of  heat  is  required  to  raise  G  Ibs.  of  tin  from  the  tem- 
perature 208°  C.  to  its  melting-point,  238°  C.,  and  to  melt  it  ? 

5.  One  gram  of  sal-ammoniac  is  dissolved  in  three  grams  of  water, 
and  during  the  solution  as  much  heat  disappears  as  would  raise  the 
temperature  of  65  grams  of  water  1  degree.    The  specific  heat  of  the 
solution  is  0*75  (nearly)  :  find  its  temperature,  supposing  the  temper- 
atures of  the  materials,  before  they  were  mixed  together,  to  be  18°  C., 
and  that  no  loss  or  gain  of  heat  takes  place  from  without  ? 

6.  Twenty-five  grams  of  water  at  15°  C,  are  placed  in  the  inner  tube 
of  a  Bunsen's  calorimeter,  and  it  is  found  that  G'8  grams  of  mercury 
are  drawn  in.    Assuming  the  density  of  mercury  as  13'G  and  the 
latent  heat  of  water  as  79,  determine  the  density  of  ice. 

[The  capillary  tube  is  here  supposed  to  be  drawn  out  to  a  point 
which  dips  under  the  surface  of  mercury  in  a  crucible.  (Cf.  weight 
thermometer  arrangement.)  The  decrease  of  volume  in  the  calori- 
meter is  deduced  from  the  difference  in  weight  of  the  mercury  in  the 
crucible  before  and  after  the  experiment  ] 

7.  Determine  the  latent  heat  of  ice  from  the  following  data. 
Weight  of  brass  calorimeter  (Sp.  heat  •01))...  35  gin. 


water 


Initial  temperature  of  water  and  calorimeter 

Final 

Weight  of  calorimeter,  etc.,  after  addition  of  ice 


156  gm. 

24°  C. 

17°  C. 
165  gm. 


8.  A'gram  of  ice  at  0°  C.  contracts  0*091  c.cm.  in  becoming  water  at 
0°  C.    A  piece  of  metal  weighing  10  grams  is  heated  to  50°  C.  and  then 
dropped  into  the  calorimeter.   The  total  contraction  is  'OG3  c.cm. :  find 
the  specific  heat  of  the  metal,  taking  the  latent  heat  of  ice  as  80. 

9.  Five  hundred  cubic  centimetres  of  mercury  at  56°  C.  are  put  into 
a  hollow  in  a  block  of  ice  and  it  is  found  that  159  grams  of  ice  arc 
liquefied  ; '  find  the  specific  heat  of  mercury. 

10.  Ten  grams  of  water  at  96°  C.  are  placed  in  the  inner  tube  of  a 
Bunsen's  calorimeter,  and  it  is  found  that  the  volume  of  th'3  contents 
of  the  outer  portion  decreases  by  1-09  c.cm.  :  taking  the  latent  heat  of 
water  as  80  what  value  does  this  give  for  the  specific  gravity  of  ice  ? 
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OF    STATK:—  VAPOUIZATIOX    AXD 
!UX. 


71.  I*  connection  with  the  subject-matter  of  this  chapter  the  follow- 
ing points  should  be  noticed  : — 

1.  Dalton's  Second  Law  (p.  1  -l."\     If />,,  />„  jps  denote  the  individual 

;resdue  to  the  several  constituents  of  a  mixture  of  vapours  then, 

ia  law  be  applicable,  we  have,  P  =^,  +  pt  +  p3.  wlu-re  I'  is  the 

pressure  exerted  by  tbe  mixture.    The  most  familiar  example  of 

;tion  of  this  law  is  in  the  case  of  air  and  water  vapour.     If 

note  the  pressure  due  to  the  air  alone,  and  /  that  due  to  the 

vapour,  then  the  total  pressure,  P,  is  given  by  1*  =  P'  +  /. 

latent  heat  of  vaporization.     If  L  denote  the  latent  heat  of 
:\  liquid  then  the  quantity  of  heat  absorbed  dur- 
ing vaporization  -  m  «f  that  liqu  .  .   : 

•y  of  heat  evolved  during  condensation  of  a  mass  mof  the 
liquid  is  also  denoted  by  m  L.     (Compare  Art.  53,  1.) 
Regnault's  formulae— 

Qt  =  606-5  +0 
L  =  606-5-0- 

should  be  learnt,  and  also  the  general  result  deduced  on  p. 

•::•!. i  |  IX. 

1.  A  '.    ::!:•:•     of  1  in  a  eudin- 

;  he  column  of  \\ 

:n  the 

nun.) 

with  aqueous  vajxjur. 
Dotation  used  above — 

P'  +/, 
.-.  1"=P-/, 

notes  the  total  pressure  in  the  tube,  P*  that  due  t 
hydrogen,  and/  that  due  t 

1  ( )'S 

But  since  40-8  mm.  of  water  are  equivalent  to  ^— ^  =  3  mm.  of 
mercury  we  have  that — 

P  =  7C8  -  3  =  755  mm. 
and,  from  table  on  page  148,  we  get — 

/f=12-7nim. 

:  mm. 
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2.  Find  the  latent  heat  of  steam  at  100°  C.  from  the  following 
data- 
Weight  of  calorimeter 105  gm. 

,,         „        ,.  and  water ....  346  gm. 

Initial  temperature  of  calorimeter  and  water    .  4°  C. 

Final  „  „  „  „        „         .  24°  C. 

Weight  of  calorimeter,  etc.,  at  the  end  of  the 

experiment 354-16  gm, 

"\Vater  equivalent  of  calorimetric  apparatus        .  9  gm. 

Height  of  barometer 752  mm. 

(The  steam  is  produced  at  atmospheric  pressure). 

Here,  from  data  of  question  we  have — 

the  weight  of  water  in  the  calorimeter  =  346  —  105  =  241  grams  ; 
the  weight  of  steam  condensed  =  354-16  —  346  =  8*16  grams  ; 
the  temperature  of  the  steam  =  99 '7°. 

Hence— 

The  loss  of  heat— 

(a)  By  the  steam  during  condensation  =  m  L  =  8 '16  L  calories. 

(b)  By  the  water,  produced  on  condensation  of  the  steam,  incoolino- 
from  99-7°  C.  to  24°  C.  =  8'16(99'7  -  24)  =  8'16  (75 -7)  =  617-712 
calories ; 

and,  the  gain  of  heat  by  the  calorimetric  apparatus 

=  (241  +  9) (24 -4)  =  250  x  20  =  5,000  calories. 
Therefore,  equating  we  have — 

8-16  L  +  617-712  =  5,000. 

.  • .  8-1G  L  =  4382-288. 

.  • .  L  =  537. 

3.  A  copper  vessel,  weighing  100  grams,   contains  300  grams  of 
water  at  0°C.,  and  50  grams  of  ice  at  0°  C.    Find  the  quantity 
of  steam,  at  100°  C.,  that  must  be  blown  into  the  vessel,  to  raise  its 
temperature  and  that  of  its  contents  to  10°  C.     (Sp.  heat  of  copper 
=  0-095  ;  latent  heat  of  steam  =  537  ;  latent  heat  of  water  =  80.) 

Let  m  denote  the  mass  of  the  necessary  quantity  of  steam.    Then 
the  heat  lost — 

(a)  By  the  steam  during  condensation  =  537  m  calories. 

(b)  By  water  so  produced  in  cooling  from  100°  C.  to  10°  C. 

=  7rc(lCO  -  10)  =  90  m  calories 
and.  the  heat  gained — 

(a)  By  the  copper  vessel  =  100  x  -095  x  10  =  95  calories. 

(b)  „    „    water  in  the  vessel  =  300  x  10  =  3,000      „ 

(c)  „     „   ice  during  liquefaction  =  50  x  80  =  4,000    „ 

(d)  „    „  water,  produced  by  the  liquefaction  of  the  ice,  in  being 
raised  from  0°  C.  to  10°  C.  «  50  x  10  =  500  calorics. 

Hence,  equating  we  get — 

627  m  =  7595. 

.-.  m  =  12-113  grams. 
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4.  A  quantity  of  dry  air  measures  1,000  c.cm.at!0°C.,and  760mm. 

ire.     If  the  same  quantity   of  air  is  heated  to  30°  C.,   and 

saturated  with  aqueous  vapour  at  that  temperature,  what  must  be 

•lurae  of  the  moist  air,  in  order  that  the  pressure  may  remain 

unchanged  ?   (Tension  of  aqueous  vapour  at  30°  C.  =  31/55  mm.) 

V  bubble  containing  0-01293  milligrams  of  air  is  formed,  136 

mm.  below  the  surface  of  water  at  80°  C.     Find  its  volume.     [1  c.cm. 

of  air  weighs   1*293   milligrams  at  0°  C.,  and  760  mm.  pressure; 

t  of  barometer  =  760  mm. ;  remaining  datum  required  may  be 

,d  from  table  given  on  p.  148], 

6.  A  bubble  of  air  is  formed  68  mm.  below  the  surface  of  water  at 
10°  C.     Find  how  many  bubbles  (of  air  and  wau-r  vapour)  of  volume 
'.  to  its  own,  this  bubble  may  give  rise  to,  when  the  temperature 
of  the  water  rises  to  90°  C.    Height  of  barometer  =  760  mm. 

I  u  an  experiment  with  the  apparatus  <  :  ic  height  of  the 

mercury  column  in  the  barometer  tube.  A,  was  758  mm.     Sufficient 

air  \\a<  introduced  into  the  vacuum  in  C.  to  reduce  the  height  of  the 

column  in  that  tube  to  400  mm.  ;  a  small  quantity  of  water  was  then 

luced  and  the  space  saturated  with  aqueous  vapour  at  20°  C. 

how  far  the  tube  C.  must  be  lowered  into  the  cistern  in  order 

tninate  the  pressure  of  the  air,  and  find  the  height  of  the  column 

of  mercury  in  the  tube. 

!  t  is  required  to  condense  a  mass  of  unsaturated  aqueous  vapour 
-are  of  5961-66  mm.     Give  the  condi- 

of  pressure  and  temperature  of  three  different  ways  of  effecting 
the  condensation. 

It  is  found  by  experiment  in  a  room,  where  the  temperature  is 

point  8°  C,  and  the  height  of  the  Kirometer  750  mm., 

.;ity  «f  water  in  a  shallow  cylindrical  vcs-vl,  10  cm.  in 

radius,  loses  by  evaporation  10  grams  of  "v.  _l  hours.     If  the 

g 

conditions  are  such  that  the  formula  m  =  K  ^  (F— /)  is  applicable, 

he  value  of  the  constant,  K,  in  this  case,  and  apply  the  formula 
!  rom  the  same  vessel  when  the 
t  remaining  con> : 
o  barometric  height  is  760  mm. 

!  oiling  point  of  water  on  the  top  of  a  momr  id  to 

pressure  would  a  baromeu  :  icate  ?   Express 

>!-urc  in  dynes  per  Mg, 

11.  Express  the  latent  heats  of  steam  and  water  in  terms  of  tho 
degree  Fahlenhcit. 

from  Rcpnault's  formula;  for  total  and  latent  heat  ot 

,  a  table  showing  the  val  j>eraturc8, 

60°  «  .  .  150°  C  how   Q   and  L  change 

ise  or  decrease)  with  rise  of  temperature.] 

Ten  grams  of  steam,  at  100°  C.,  arc  blown  into  100  grams  of 
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a  mixture  of  ice  and  water  at  0°  C.  The  final  temperature  of  the 
mixture  is  6°  C.,  find  the  quantity  of  ice  originally  in  the  mixture. 

14.  Ten  grams  of  steam  at  60°  C.,  are  passed  into  600  grams  of 
water  at  4°  C.    The  final  temperature  of  the  mixture  is  14-18°  C.    Find 
the  latent  heat  of  steam  at  60°  C.    Verify  your  result  by  Regnault's 
formula. 

[In  an  experiment  such  as  this  some  arrangement  must  be  made 
for  keeping  the  steam  at  a  constant  pressure,  corresponding  to  the 
maximum  pressure  of  aqueous  vapour  at  60°  C.  For  example,  the 
steam  may  be  condensed  in  the  calorimeter  in  a  thin  copper  vessel, 
communicating  with  a  reservoir  of  air,  in  which  the  pressure  can  be 
varied  at  will.] 

15.  Fifty  grams  of  steam,  at  100°  C.,  are  passed  into  a  mixture  of 
100  grams  of  ice  and  200  grams  of  water  at  0°  C.    Find  the  rise  of 
temperature  produced.   The  water  equivalent  of  the  vessel  containing 
the  mixture  of  water  and  ice  is  15  grams. 

16.  How  many  grams  of  copper  at  200°  C.  must  be  dropped  into 
a  mixture  of  20  grains  of  ice  and  20  grams  of  water  at  0°  C.  to  com- 
pletely convert  it  into  steam  at  100°  C.     The  water  equivalent  of  the 
vessel  containing  the  mixture  is  5  grams. 

17.  Ten  grams  of  ice  at  — 10°  C.  and  100  grams  of  water  at  10°  C.  are 
mixed  in  a  copper  vessel  weighing  150  grams.     Twenty  grams  of 
steam  at  100°  C.  are  then  passed  into  the  mixture.     Find  the  final 
temperature  of  the  mixture. 

18.  Find  the  quantity  of  heat  required  to  vaporize  10  grams  of 
alcohol  at  78'3°  C. 

19.  Twenty  grams  of  ether  vapour  at  35°  C.  are  passed  into  100 
grams  of  ether  at  0°  C.  in  a  copper  vessel  weighing  12-5  grams.    Find 
the  final  temperature  of  the  mixture. 

20.  Ten  grams  of  melted  lead  at  332°  C.  are  dropped  into  a  copper 
vessel  surrounded  by  melting  ice.     Find  the  weight  of  ice  melted. 

21.  Three  separate  mixtures  are  made,  namely — 

(1)  Water  and  snow, 

(2)  Water  and  salt, 

(3)  Snow  and  salt. 

If  all  the  materials  were,  before  being  mixed,  at  0°  C.,  which  mixture 
will  be  at  the  highest  temperature  and  which  at  the  lowest?  and 
why? 

22.  A  glass  bottle  and  a  bottle  of  porous  earthenware  are  both  filled 
with  water  and  exposed  to  the  air  side  by  side.     Usually,  the  water 
in  the  earthenware  bottle  becomes  decidedly  colder  than  that  in  the 
glass  ;  why  is  this  ?     If  there  is  little  or  no  difference  of  temperature, 
what  conclusion  may  we  draw  as  to  the  state  of  the  atmosphere  ?  and 
why? 
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EXAMINATION  QUESTIONS. 

QUESTIONS  SET  AT  LONDON  UNIVERSITY  EXAMINATIONS. 
Matriculation. 

1.  V»\ver  is  boiled  in' two  tubes,  the  depth  of  water  in  the  one 
being  6  inches,  and  in  the  other  24  inches.  I  find  that  at  a  tempera- 

vhen  bubbles  of  steam  rise  from  the  bottom  of  the  one  tube  they 
do  not  rise  from  that  of  the  other  ?  Explain  this.  Jan.,  1 x 

Distinguish  between  heat  and  temperature.  Compare  the 
quantity  of  heat  necessary  to  heat  1  Ib.  of  water  from  (f  to  1°  C., 
with  the  quantity  necessary  to  convert  1  Ib.  of  ice  at  0°  into  steam 
at  100°  C.  (Latent  heat  of  water  =  79'23 ;  latent  heat  of  steam 

'•••) 

'••Vint  is  a  calorimeter  ?  Sketch  and  describe  the  calorimeter  of 
:e,  commonly  called  the  Ice  Calorimeter.  June,  1 B 

A  pound  of  common  salt  and  a  pound  of  water,  both  at  tempera- 
ture I  mixed  together,  and  the  salt  dissoh  I  any 
change  of  temperature  take  place  /  Give  reasons  for  your  a: 

5.  It  is  found  as  a  result  of  experiment  that  25  grams  of  copper, 
temperature  of  100°  C.,  are  just  sufficient  to  melt  2*875  grams 

\  so  that  water  and  copper  are  finally  at  0°.     : 
data  the  specific  heat  of  copper,  taking  the  latent  heat  of  • 
to  be  80.  Jan.. 

t  of  mercury  is  said  to  be  ^;  what  does  this 

mean  ?     If  tb--  <•  kilogram  of  water  in  cooling 

i  100°  C.  to  0°  were  employed  in  heating  '  .:ns  of 

mercury  initially  at  20°,  to  what  temperature  would  try  be 

Jan.,  1878. 

the  laws  of  the  boiling  of  liquids.     Explain  in  what  way 
these  laws  have  been  made  use  of  to  determine  the  relati.  : 
the  pressure  an  are  of  the  vapour  of  water.     June,  1878. 

I  >efinc  the  latent  heat  of  fusion  of  a  substance. 

:sion  of  ice  is  7.  specific  gr. 

inctnl  at  100°  C.  arc  imn: 

• 

1 1  change  of  tempera t  heat 

of  the  metal 

Distinguish  between  evaporation  andebulli 

loted  vessel 
IB  half  full  of  water  and  half  f u : .  .ill  at  0°  C.  and  at  ordinary 


44  HEAT. 

pressure.  On  heating  the  vessel  the  pressure  is  found  to  rise  to  two 
atmospheres,  though  the  temperature  is  several  degrees  below  100°  C. 
Account  for  this.  Jan.,  1881. 

10.  Define  the  specific  heat  and  the  latent  heat  of  fusion  of  a 
substance. 

The  specific  heat  of  iron  is  '113  ;  how  many  Ibs.  of  iron  at  250°  C. 
must  be  introduced  into  an  ice  calorimeter  in  order  to  produce  2  Ibs. 
of  water?  June,  1881. 

11.  State  the  laws  of  evaporation.    Under  what  circumstances  will 
a  liquid  evaporate,  and  how  must  the  conditions  be  modified  in  order 
that  it  may  boil  ?    What  is  the  dew-point  1  Ibid. 

12.  Define  specific  heat.    What  is  meant  by  the  latent  heat  of 
steam  ?     How  does  it  vary  with  the  temperature  at  which  the  steam 
is  produced?  Jan.,  1882. 

13.  Twenty  grams  of  iron  at  98°  C.,  (specific  heat  -119)  arc  immersed 
in  80  grams  of  water  at  10°  C.  contained  in  a  copper  vessel  whose 
mass  is  15  grams.     Find  the  resulting  temperature  the  specific  heat 
of  copper  being  -095. 

What  precautions  should  be  taken  to  prevent  loss  of  heat  during 
the  experiment  1  Hid. 

14.  What  do  you  understand  by  a  unit  of  heat  ? 

How  would  you  determine  experimentally  the  number  of  units  of 
heat  required  to  convert  1  Ib.  of  water  at  100°  C.  into  steam  at  the 
same  temperature  ?  Describe  fully  the  details  of  the  experiment. 

June,  1882. 

15.  Describe  a  method  of  determining  the  specific  heat  of  a  solid. 
How  many  units  of  heat  would  cause  a  mixture  of  ice  and  water  to 

contract  by  50  c.mm.,  if  100  c.mm.  of  water  at  0°  C.  become  109 
c.mm.  of  ice  on  freezing  ?  Jan.,  1883. 

16.  What  is  meant  by  the  statement  that  the  latent  heat  of  steam 
is  537  ?     One  pound  of  saturated  steam  at  160°  C.  is  blown  into  19  Ibs. 
of  water  at  0°  C.,  and  the  resulting  temperature  is  32-765°  C.     Find 
the  latent  heat  of  steam  at  160°  C.  June,  1883. 

17.  State  clearly  the  distinction  between  temperature  and  heat. 
Twenty  pound-degrees  of  heat  are  communicated  to  a  metal  vessel 

weighing  8  Ibs.,  and  containing  10  Ibs.,  of  water.  If  the  specific 
heat  of  the  metal  be  TV»  in  what  proportion  will  the  heat  be  divided 
between  the  water  and  the  vessel,  and  what  will  be  their  rise  of 
temperature  ?  Jan.,  1884. 

18.  Describe  Bunsen's  calorimeter.  If  100  c.cm.  of  water  in  freezing 
become  109  c.cm.  of  ice,  and  the  introduction  of  20grams  of  mercury 
at  100°  C.,  into  a  Bunsen's  calorimeter  cause  the  end  of  the  column 
of  mercury  to  move  through  74  mm.  in  a  tube  1  sq.  mm.  in  section, 
find  the  specific  heat  of  mercury.     (The  heat  required  to  melt  one 
gram  of  ice  is  80  units.)  Ibid. 
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19.  Explain  fully  the  ir.onnin.rof  the  statement  that  the  latent  heat 
of  steam  is  537.     The  specific  heat  of  mercury  is  -03.    A  pound  of 
steam  at  100°  C.  is  made  to  pa*.-,  into  a  vessel  containing  300  Ibs. 
of  mercury  initially  nt  0°  CM  the  capacity  for  heat  of  the  vessel  being 
equal  to  that  of  10  Ibs.  of  .'iiat  will  be  the  temperature  of 
the  vessel  and  contents  at  the  end  of  the  experiment  1    June,  1884. 

20.  200  grams  of  water  at  99°  C.  arc  mixed  with  200  c.cm.  of  milk 
of  density  T03  at  15°  C.,  contained  in  a  cop;  i  thermal 

iual  to  that  of  8  grams  of  water,  and  the  temperature  of 
the  mixture  is  f)7°  C.  If  all  the  heat  lost  by  the  water  is  gained  by 
the  milk  and  the  copper,  what  is  the  specific  heat  of  the  m: 

Jan.,  1885. 

21.  A  pound   of  ice  at  0°  C.  is   thrown  into  6  Ibs.  of  water  at 
15°  C.  contained  in  a  copper  vessel  weighing  3  Ibs.  and  when  the  ice 
is  melted  the  temperature  of  the  water  is  2°  C.     Find  the  latent  heat 
of  fusion  of  ice,  the  specific  heat  of  copper  being  0-uy5. 

June,  1886. 

Define  specific  heat  and  describe  an  experiment  by  means  of 
which  the  specific  heats  of  oil  and  water  may  be  compared. 

Jan.,  1887. 

Explain   the   term  latent  Jicat.      If  25  grams  of   steam    at 
100°  C.  be  passed  into  300  grams  of  ice-cold  waU-r.  what  will  be  the 
temperature  of  the  mixture,  the  latent  heat  of  steam  being  taken 
.Ito536?  Ibid. 

24.  Describe  experiments  illustrating  the  difference  between  tem- 
perature and  heat.    In  100  grams  of  Ix.iling  water  (£  =  100°)  there 
are  placed  20  grams  of  ice  and  the  temperature  falls  to  70°  when  the 
i.     What  is  the  latent  heat  of  fusion  of  ice,  assuming 
no  heat  to  be  lost  ?  June,  1887. 

Distinguish  between  saturated  and  unsaturated  vapour. 

itcment,  that  when  the  dew-point  is  20° C., 

the  maximum  pressure  of  aqueous  vapour  in  the  air  LJ  that  due  to 
rn.  of  mercury  ? 

:ie  the  terms  latent  heat,  specific  heat,  and  capacity  for 
The  specific  heat  of  copper  is  -095.     What  is  tlu  rapacity 

-  of  copper  ?    If  600  grams  of  copper 

to  100°  C.,  and  placed  in  an  ice  calorimeter,  how  much  ice  is  ui 
the  latent  heat  of  f  uiion  of  ice  being  80 1 


46  HEAT. 

Intermediate  Science. 

29.  What  is  meant  by  "  latent  heat "  ?      Describe  a  method  of 
determining  the  latent  heat  of  steam.  1873. 

30.  Enunciate  the  law  which  gives  us  the  relation  between  the 
pressure  and  the  volume  of  a  perfect  gas  of  constant  temperature. 
Also  enunciate  that  which  gives  us  the  relation  between  the  tempera- 
ture and  the  pressure  of  a  perfect  gas  of  constant  volume. 

Express  both  laws  by  one  formula,  and  finally  state  how  the  laws 
are  modified  in  the  case  of  imperfect  gases.  1875. 

31.  Define  "  specific  heat."    Explain  a  method  of  determining  the 
specific  heat  of  a  piece  of  zinc,  and  describe  the  apparatus  required. 

"What  precautions  and  corrections  are  necessary  in  order  to  obtain 
an  accurate  result  ?  1879. 

32.  Describe  a  method  of  determining  the  maximum  pressure  of 
aqueous  vapour  at  temperatures  below  100°  C.  1880. 

33.  What  conditions  influence  the  temperature  at  which  water 
freezes  asd  boils  ? 

How  does  the  latent  heat  of  evaporation  vary  with  the  temperature 
at  which  it  takes  place  ?  Would  you  expect  the  latent  heat  of  fusion  to 
differ  with  the  temperature  1  Give  a  reason  for  your  answer.  1881. 

34.  How  does  the  boiling  point  of  a  liquid  depend  on  the  pressure 
to  which  it  is  exposed  ?    Describe  Kegnault's  method,  founded  on  the 
variation  of  boiling-point  referred  to,  of  determining  the -maximum 
pressure  of  vapours  at  various  temperatures.  1884. 

35.  Describe    and  explain  the  action  of  a  Bunsen  calorimeter, 
whereby  quantities  of  heat  are  measured  by  the  amount  of  ice  melted 
by  them.  1886. 

36.  Explain  carefully  the  statement  that  the  latent  heat  of  fusion 
of  water  is  80.     What  is  the  unit  in  terms  of  which  latent  heat  is 
measured  ?    Trace  the  changes  in  the  temperature  and  volume  of  a 
kilogram  of  ice  at— 5°  C.,  to  which  heat  is  applied  until  it  is  converted 
into  steam.  1883. 
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CHAPTER  VIII. 
//  Y  G  R  0  M  E  T 1!  Y. 


80.  Tnr  principles  necessary  for  the  solution  of  problems  connected 
•metry  have  been  dealt  with  in  Arts.  74—76  of  the  chapter 
.is  subject.    The  following  points  may  be  again  noted  :  — 
1.  In  calculating  the  mass  of  aqueous  vapour  present  in  a  given 
o  of  air  it  must  be  r-  i  that  the  total  pressure  of  the 

of  two  pressures  :  («)  the  pressure  of  the  air  ; 
(4)  the  pressure  of  the  vapour  present.     The  latter  pressure  is  equal 
•.imum  pressure  of  aqueous  vapour  at  tho  dew-point,  and 
is  the  pressure  to  be  employed  in  calculating  the  required  mass. 

If  the  hygrometric  state,  or  relative  humidity  of  air  be  denoted 
.on  — 

/<=-,' 
m 

where  m  denotes  the  mass  of  aqueous  vapour  actually  present  in  the 
air,  and  »'  denotes  the  mass  of  aqueous  vapour  necessary  to  saturate 
existing  conditions. 

Also— 


where  /  denotes  the  maximum  pressure  of  aqueous  vnp<xir  at  the 

mm  pressure  of  aqueous  vapour 
corresponding  to  the  temperature  of  the  air. 

The  mass  of  1  litre  of  dry  air  at  0°  C.  and  760  mm.  pressure  is 
3  grams. 
The  mass  of  1  litre  of  aqueous  vapour  at  0°  C.  and  760  mm.  pressure 

is  approximately  —(1-293}  grams  =  0-808  grams. 

4.  From  the  table  pivm  in  tho  text  on  page  139  it  will  bo  seen 

Metro 

dew-point  the  maxi- 

mam  pressure  (in  mm.  of  mercury)  of  aqueous  vapour  at  *°. 
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EXAMPLES  X. 

1.  Two  cubic  metres  of  moist  air,  at  17°  C.,  were  drawn  through 
a  chemical  hygrometer,  and  24-12  grams  of  water  were  deposited  in 
the  tubes.  Find  the  relative  humidity  of  the  air. 

From  above — 

h=m  • 
m 

Here— 

m  =  21-12  grams, 

and  w '  denotes  the  mass  of  aqueous  vapour  necessary  to  saturate  2 
cubic  metres  (/.<?.  2,000  litres)  at  17°  C.  The  maximum  pressure  of 
aqueous  vapour  at  17°  C.  =  14-4  mm.  (Sec  Table.) 

.  TO,=  2,000x0-808x14-4x273 
760  x  2UU 

=  28-84  grams. 


or,  the  percentage  humidity  =  83-7. 

2.  Find  the  mass  of  1  litre  of  moist  air  at  15°  C.,  given,  that  the 
dew-point  is  10°  C.,  and  the  barometric  height  is  759-13  cam. 

By  (1)  above  the  pressure  of  the  aqueous  vapour  present  =  the 
maximum  pressure  of  aqueous  vapour  at  10°  C  =  9-13  mui.,  and  the 
pressure  of  the  air  =  75913-9-13  =  750mm. 

Hence,  as  in  Art.  74— 

1-293  x  750  x  273 
the  mass  of  the  dry  air  = =-^ — — - — 

/  OU  X  Zoo 

'    =  1-2095  grams  ; 

•808  x  9-13  x  273 
the  mass  of  aqueous  vapour  =  — =— - 

/ uU  X  dwOu 

=  0-0092  grams. 

.%  total  weight  of  litre  of  moist  air 
=  1-2095  +  0-0092  =  1*2187  grams. 
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Find  the  hygrometric  state  of  air  at  20°  C.,  the  dew-point 
being  6°  C. 
The  maximum  pressure  of  aqueous  vapour  at  — 

6°  C.  =  6-5  mm.  =/. 
20°  C  =  17-4  mm.  =>. 


or,  as  a  percentage— 

h  =  37-4. 

4.  Fin.  I  the  mass  of  a  litre  of  moist  air  at  18°  C.,  the  dew-point 
being  5°  C.,  and  the  barometric  height  757-5  mm. 

5.  The  relative  humidity  of  air  at  16°  C.,  expressed  as  a  percentage, 
is  22-5;  find  the  dew-point. 

6.  Two  cubic  metres  of  air,  at  14°  C.,  are  found  to  contain  18'56 
grams  of  moisture.     Find  the  dew-point  and  relative  humidity  of 
the  air. 

Twenty  litres  of  moist  air,  at  15°  C.,  arc  drawn  through  a 
chemical    hygrometer,    and    found    to    contain    0-1863    grams    of 
What  is  the  hygrometric  state  of  the  air? 

8.  Two  hundred  c.  cm.  of  hydrojren,  measured  at  15°  C.  and  754'68 
mm.  pressure,  are  collected  over  nd  the  mass  of  the  hydro- 
gen present.     ,  1  litre  of  hydrogen  at  0°  C.  and  760  mm.  pressure 
weighs  0-0896  gram.) 

9.  The  dew-point  of  air  at  20°  C.  is  8°  C.     Find  the  rcl 
humidity   and  the  mass  of  aqueous  vapour  present  in  1  litre  of 
this  air. 

:nass  of  dry  air  present  in  10  litres  of  moist  air,  at 
and  760  mm.  pressure,  the  dew-point  of  the  air  being  5*  C. 


. 


CO 
CHAPTER   IX. 


TRANSMISSION    OF  HEAT. 


95.  IN  connection  with  this  subject  it  may  be  useful  to  summarise 
the  following  points  involving  quantitative  relations  : — 

1.  Absolute  conductivity.     In  Art.   84,   we  have  the  important 
re]ation  expressed  by — 

H=*^:  (1, 

Also,  deduced  from  this,  we  have — 

*=  s-«-  <2) 

[Of  these  (1)  only  should  be  learnt ;   from  it,  (2)  can  be  obtained 
when  required.] 

2.  If  k  denote  the  absolute  conductivity  of  a  given  substance,  then 

7» 

— -  denotes  the  diffusivity  of  that  substance.     Hence,  if  K  denote 
diffusivity,  we  have — 


(3) 


EXAMPLES  XI. 


Reference  should  le  made  where  neccsstiry  to  the  table  of  con- 
ductivities. 

1.  Find  the  quantity  of  heat  that  will  be  transmitted,  in  1  hour, 
across  a  plate  of  copper  1  sq.  metre  in  area  and  5  cm.  thick,  the 
difference  between  the  temperatures  of  its  faces  being  10°  C. 

From  (1)  above  we  have — 

H  =  »  *!'. 

X 

Adopting  the  C.  G.  S.  system  of  units,  we  have— 
h  =  1  (sec  table,  p.  206), 
A  =  1  sq.  metre  =  10000  sq.  cm,, 

e  =  10°  c., 

t  =  1  hour  =  3600  seconds, 
x  =  5  cm. 

10000  x  10  x  3600 
•*•   H=  6 

=  72000000  gram-degrees. 
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2.  It  is  found  that  9162000  gram-decrees  of  heat  arc  transmitted, 
per  minute,  across  a  sheet  of  silver,  100  sq.  cm.  in  area  and  1  mm. 
.  with  a  difference  between  the  temperatures  of  its  faces  of 
100°  C.     Find,  in  C.  G.  S.  units,  the  absolute  conductivity  of  silver. 

From  (1)  above  we  have  — 


and  therefore  — 


Here— 

II  =  9162000  gram  -degrees, 
a-  =  0-1  cm., 

A  =  100  sq.  cm., 

6  =  100 

t  =  60  seconds. 


Substituting,  we  get — 

91G2000  x  0-1 
100  x  100  x  GO 


=  1-.-27. 


kilocrram-dejrrccs  of  heat;  are  transmitted,  in  1  minute, 
across  a  plate  of  copper,  100  sq.  cm.  in  area  and  1  cm.  thick,  and 
liavi:.  :Iereucc  of  temperature  between  its  faces.  Find  the 

conductivity  of  copper  in  units  involving  the  kilogram,  metre,  hour, 
and  degree  Centigrade. 

Here,  as  in  Example  2 — 

;•- 

the  given  units— 

H  =  HO  kilogram-deuces, 

X  =    1    ''111.   iT  ll-dl    l 

A  =  100  sq.  cm.  =  OD1  sq.  m 

0  =  10°  C., 

t  —  1  minute  =  J9  hour. 


Therefore,  on  substituting— 

60  x  0-01  x  60 
0-01  x  10 


=3GO 


The  specific  heat  of  copper 

units,  the  measure  of  its  dilTusiviu  . 
of  a  plate  of  C- 

l>y  the  heat  transmitted,  in  unit  time,  through  another  o 
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plate  of  the  same  area  and  1  cm.  in  thickness,  with  a  difference  of 
temperature  of  1°C.  between  its  faces.  Also  find  the  number  of 
degrees  rise  of  temperature  produced  in  a  plate  of  copper  of  the  same 
area  and  1  cm.  in  thickness,  by  the  same  llovv  of  heat. 

From  (3)  we  get  — 

k 


Here— 


s  =  0-035 
d  =  8-9. 


0-U'Jo  x  8-y 


Let  A  denote  in  sq.  cms.  the  area  of  the  plates  referred  to  in  ques- 
tion ;  then  the  heat  transmitted  is  given  by  — 

,    ACt  A  x  1  x  1 

H  x=  It  -  =  1  -  =  -  =  A  gram-degrees. 


If  y  denote  the  thickness  of  the  copper  plate  which 
1°  C.  by  this  quantity,  A,  of  heat,  then,  by  Art.  44,  1,  w 


will  be  raised 
we  have— 


A  =  in.s.l  =  Ay  d. s.l  =  Ayds. 
.%  1  =  yds.  .:  y  =  —j-  =  1-183  cm. 

Therefore  the  measure  of  this  thickness  is  also  the  measure  of  the 
diffusivity.  Further,  let  n  denote  the  number  of  degrees  rise  pro- 
duced in  a  plate  of  area  A  and  1  cm.  thick,  by  this  quantity,  A,  of 
heat,  tlien,  as  above — 

A  =  ww/i  =  A.Ldsn  =  Adsn. 
.'.  1  =  dsn.          .'.    n  =  ~  =  1-183°  0. 

SCi 

Therefore  diffusivity  is  also  measured  by  this  rise  of  temperature  ; 
hence  the  term  thermometric  conductivity. 

[This  example  should  be  carefully  studied  in  connection  with 
Art.  85,  which  it  is  intended  to  illustrate.] 

5.  Peclet  has  stated  that  the  quantity  of  heat  which  passes^  in 
an  hour,  through  a  plate  of  lead  1  sq.  metre  in  area  and  1  cm. 
thick,  with  a  difference  of  1°  C.  between  the  temperature  of  its 
surfaces,  is  1383  kilogram -degrees.  What  value  does  this  give  for  the 
absolute  conductivity  of  lead  in  the  C.  G.  S.  system  ? 
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6.  The  absolute  conductivity  of  copper  in  the  C.  G.  S.  units  is  1  ; 
how  many  heat-units  will  pass,  per  minute,  across  a  plate  of  copper, 
1  metre  long,  1  metre  broad,  and  5  cm.  thick,  when  its  opposite  faces 
are  kept  at  temperatures  differing  by  100°  C.  ? 

The  thermal  conductivity  of  felt,  in  C.G.S.  units,  is  0-000087; 
find  the  quantity  of  heat  that  is  transmitted,  in  one  hour,  through 

•  T  of  felt  1  cm.  in  thickness  and  20  sq.  cm.  in  area,  when  its 
opposite  faces  arc  kept  at  temperatures  differing  by  20°  C. 

8.  Calculate  the  quantity  of  heat  lost,  per  hour,  from  each  square 

metre  <>f  the  surface  on  a'n  iron  steam  boiler  0*8  cm.  in  thickness, 

when  the  temperature  of  the  inner  surface  of  the  boiler  is  120°  and 

that  of  the  outer  surface  119-5°,  the  coefficient  of  conductivity  of  iron 

being  11 -5  (referred  to  1  cm.asunitof  length,  1  minute  asunitof  time, 

he  quantity  of  heat  require  lie  temperature  of  the  gram 

>m  0°  to  1°  C.  as  unit  of  heat). 

A  square  metre  of  a  substance,  1  cm.  thick,  has  one  side  kept  at 
lOO^C.,  and  the  other,  by  means  of  ice,  at  0°C.  In  the  course  of 
10  minutes  one  <>f  ice  is  melted  by  this  operation.  Cal- 

culate the  conductivity  of  the  substance,  assuming  the  latent  heat  of 
water  to  be  80. 

10.  The  mean  temperature  of  the  earth  at  a  depth  of  972  feet, 
being  23°  C.,  and  14°  C.  at  the  surface,  and  the  a  mated  loss 
of  heat  per  square  foot  of  surface  in  27  years  bein^  4v»  units  of  heat, 
find  the  coefficient  of  conductivity  per  cubic  foot  per  hundred  years. 

11.  C.G.S.  units,  the  diffusivity  of  iron,  given  that  the 
density  of  iron  is  7*5  and  its  specific  heat  0-1 1  i. 

•ress,  in  words,  two  other  quantities  having  the  same  measure, 
and  show,  as  in  Ex.  4,  that  such  is  the  case. 

Express  the  conductivity  of  copper  in  units  involving  tho 
pound,  foot,  second,  and  degree  Fahrenheit, 
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EXAMINATION  QUESTIONS. 
QUESTIONS  SET  AT  LONDON  UNIVERSITY  EXAMINATIONS. 

Matriculation. 

1.  A  source  of  heat  is  applied  equally  to  the  extremities  of  two 
similar  bars,  one  of  copper  and  one  of  iron ;  and  on  each  bar  there 
is  a  piece  of  phosphorus  two  inches  from  the  source  of  heat.    That 
on  the  copper  takes  fire  first.     Does  this  experiment  entitle  us  to 
conclude  that  copper  has  greater  thermal  conductivity  than  iron  ?  If 
not,  explain  in  what  respects  it  is  deficient  as  a  proof.     Jan.,  1877. 

2.  How  would  you  compare  the  thermal  conductivities  of  brass  and 
copper  1     Two  equal  cylinders,  one  of  iron  and  the  other  of  bismuth, 
are  covered  with  wax  and  simultaneously  placed  on  end  on  a  hot 
metal  plate.    At  first  the  melting  of  the  wax  advances  more  rapidly 
on  the  bismuth  bar  ;  but  after  it  has  melted  about  an  inch  up  both 
cylinders,  the  melting  advances  the  more  rapidly  ori  the  iron  bar. 
Account  for  these  phenomena.  June,  1880. 

3.  Define  latent  heat,  specific  heat,  capacity  for  heat,  coefficient 
of  cubic  expansion,  and  thermal  conductivity.       How  would  you 
determine  the  capacity  for  heat  of  a  copper  vessel?         Jan.,  1881. 

4.  Define  the  dew-point. 

A  cylinder  which  we  may  suppose  impervious  to  heat  is  closed  by 
a  piston,  and  contains  steam,  with  a  little  water,  at  100°  C.  The 
piston  is  suddenly  depressed  so  as  to  compress  the  steam.  State  fully 
what  happens.  '  Jan.,  1882. 

5.  Describe  an  experiment  which  shows  that  water  is  a  very  bad 
conductor  of  heat.  June,  1882. 

6.  WHat  are  the  laws  of  pressure  in  a  mixture  of  gases  and  vapours  ? 
Explain  the  principle  of,  and  describe  the  method  of  using,  the  wet 
and  dry-bulb  hygrometer.  Jan.,  1883. 

7.  Describe  and  explain  the  method  of  using  some  form  of  dew- 
point  hygrometer,  and  show  how  to  determine  the  humidity  of  the 
air  by  means  of  it.  June,  1883. 

8.  Explain  the  expression  "  tension  of  aqueous  vapour."    How  is 
the  pressure  of  the  aqueous  vapour  in  the  atmosphere  connected  with 
the  dew-point?      Describe  some  method  of  determining  the  dew- 
point.  Jan.,  1884. 

9.  A  building  is  heated  by  hot-water  pipes.     How  does  the  heat 
get  from  the  furnace  of  the  boiler  to  a  person  in  the  building  ?  What 
would  be  the  effects  on  the  temperature  of  the  more  distant  parts  of 
the  building  of  coating  the  pipes  near  the  boiler  (a)  with  woollen 
felt,  (&)  with  dull  black  lead  ?  June,  1887. 
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Intermediate  Science. 

10.  Define  the  dew-point.    Show  how  to  find  it  by  means  of  a 
Daniell's  hygrometer;  and  explain  the  principles  involved  in  the 
experiment.  1870. 

11.  Describe  the  hygrometers  of  Daniell  and  Regnault,  and  state 
you  conceive  to  be  the  advantage  which  the  latter  has  over 

the  former.  1873. 

1 2.  Define  "  hygrometric  state,"  and  describe  and  explain  the  use 
of  some  form  of  condensation  hygrometer. 

the  hygrometric  state  in  a  room  of  temperature  20°,  in 
which  the  dew-point  is  found  to  be  11°  1 

[Maximum  tension  of  aqueous  vapour  at  20°  =  17*39  mm. 

11°  =  9-79  mm.]     1878. 

Give  some  account  of  Regnault's  determinations  of  the 
maximum  pressure  of  vapour  at  temperatures  below  the  boiling 
point.  1883. 

14.  Given  two  similar  bars  of  gold  and  silver,  describe  an  experi- 
ment by  which  their  relative  thermal  conductivities  may  be  deter- 
mined. 1887. 

15.  One   hundred  cubic  centimetres  of  oxygen,   saturated  with 
water,  are  collected  at  a  pressure  of  740  mm.  and  a  temperature  of 

<1  the  volume  of  dry  oxygen  at  0°  and  760  mm.,  h 
given  that  the  maximum  pressure  of  aqueous  vapour  at  15°  is 
:nm.  1687. 
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CHAPTER  X. 
THE  MECHANICAL  EQUIVALENT  OF  HEAT. 


The  first  law  of  thermodynamics.  If  W  denote  a  definite  quantity 
of  work,  H  the  equivalent  quantity  of  heat,  and  J  the  mechanical 
equivalent  of  heat,  then  the  relation  — 

W=  JH 

expresses  the  first  law  of  thermodynamics. 

Work  done  by  a  gas  during  expansion  at  constant  pressure.  If  p 
denote  the  external  pressure  per  unit  area,  and  v  the  change  of 
volume  effected  during  expansion,  then  the  external  work  done  is 
given  by  — 

w  =pv. 

Efficiency  of  an  engine.  If  //  denote  the  heat  received  from  the 
source,  h  the  heat  converted  into  useful  work,  and  e  the  efficiency  of 
the  engine,  then  — 


Numerical  Details  of  One  of  Joule's  Experiments  on  the  Friction 

of  Water. 
1.  Heat:— 

Weight  of  water  in  calorimeter  =  93229-7  grains. 
-Water  equivalent  of        „ 

„  '  „         „  paddle,  etc.    _ 

Total    97470-2 


Rise  of  temperature  .        .        .  0-563°  F. 

Correction  for  radiation    .        .  0-013°  F. 

Corrected  rise  of  temperature    =  0-576°  F. 

.'.  Heat  generated  =7*8423  pound-degrees  (Fahrenheit). 

2.  Work  :— 

Weights  employed  weighed       .  406152  grains. 
Mean  weight  required  to  balance 

friction .  2837 


Effective  weight  =  403315 
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Total  height  of  fall  (sum  of  20)     1260-218  inches. 

Velocity  of  weights  on  reaching 
ground  was  2-42  in  per  sec. ; 
hence  energy  lost  is  equiva- 
lent to  that  acquired  by 

_-hts  falling  through  .  'i:>2  „ 

Effective  fall  of  weights  —   1260*096       „ 
.  •.  Work  done  =  6050-186  foot-pounds. 


J—       772  (j>  degree  Fahrenheit}. 

-  1890  (      ..          .,         „       Ccntiij- 

—       424  (gram,  metre      „  „         ). 

-  42400  (gram,  cm.         „  „        ). 

-  4-16  X  10'  («y.  „  „        ). 

EXAMPLES  XII. 

1.  A  mass  of  10  pounds  falls  to  the  ground  from  a  height  of  695 
Assuming  that  it  does  not  rebound,  find  the  heat  liberated  by 
its  impact  on  the  ground. 

Here,  work  done  -  G950  foot-pounds.     Taking  J  =  1390,  the  heat 

equivalent  of  this  work  is  —  r^  -  ••  5  gram-degreci. 


2.  An  engine  consumes  3  pounds  of  coal  per  horse-power  per  hour. 
The  heat  developed  by  the  combustion  of  1  pound  of  coal  is  capable 
of  converting  15  pounds  of  water  at  100°  C.  into  steam  at  100°  C.  Find 
the  efficiency  of  the  engine. 

1  pound  of  coal  produces  15  X  537  pound  -degrees  of  heat. 
3  pounds  „     „     produce  3  X  15  X  537  .,          „         „     „ 
That  is,  the  heat  absorbed  by  the  engine  per  hour  is  — 

3  X  15  X  &37  jH'uml-tli-ffreei. 

And  the  work  performed  by  the  engine  per  hour  is  equivalent  to— 
'•0  x  60 


Therefore,  the  efficiency  of  a  is  given  by  — 


Show  that  the  work  done  by  a  gas  dm  -ion  under 

••  '  ant  pressure,  for  one  degree  rise  in  tempci  ie  same  for 

all  pressures  and  temperatures. 

i:  of  the  gas,  T  its  absolute  temperature, 
and  P  the  external  constant  pressure. 
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The  increase  of  volume  for  1°  rise  in  temperature  13  evidently 
—,  and  the  work  done  during  the  expansion  is  therefore  given  by 

P  V  P  V 

-— .     But  -—;-  is  constant  for  all  pressures  and  temperatures.  (Art.  35.) 

4.  Show  that  the  difference  between  the  two  thermal  capacities 
per  unit  volume  is  the  same  for  all  gases  at  the  same  pressure  and 
temperature. 

[Employ  the  method  of  Ex.  3.] 

6.  Assuming  that  the  mass  of  a  cubic  foot  of  steam  at  100°  C.  and 
760  mm.  pressure  is  240  grains,  find  what  fraction  of  the  latent  heat 
of  steam  is  consumed  in  doing  external  work,  i.e.  in  lifting  the 
atmosphere.  Int.  Sc.,  1880. 

6.  An  engine  consumes  40  pounds  of  coal  of  such  calorific  power 
that  the  heat  developed  by  the  combustion  of  1  pound  is  capable  of 
converting  16  pounds  of  water  at  100°  C.  into  steam  at  the  same 
temperature,  and  during  the  process  the  engine  performs  16,000,000 
foot-pounds  of  work.     What  percentage  of  the  heat  produced  is 
wasted?  Int.  Sc.,  1881. 

7.  What  is  a  heat-engine  ?  and  what  is  a  reversible  heat-engine  ? 
What  condition  must  be  fulfilled  respecting  the  passage  of  heat  to 
and  from  the  working  substance  in  order  that  a  heat-engine  may  be 
reversible  ?     What  is  the  efficiency  of  an  engine  which  consumes  28 
pounds  of  coal  in  drawing  a  train  one  mile  against  a  resistance  equal 
to  the  weight  of  1J  tons,  the  calorific  power"  of  the  coal  being  such 
that  1  pound  is  capable  of  converting  16  pounds  of  boiling  water 
into  steam  at  the  same  temperature?  Int.  Sc.,  1882. 

8.  How  can  the  amount  of  work  done  against  external  pressure 
during  change  of  volume  be  expressed  numerically  ? 

1  gram  of  air  is  heated  under  constant  pressure  from  0°  to 
10°  C.  ;  determine  the  work,  either  in  ergs  or  in  centimetre-grams, 
due  to  the  expansion. 

[Co-efficient  of  expansion  of  air— r;  •     Volume  of  4  gram  of  air 

*2i  i  o 

at  0°,  under  pressure  of  one  million  dynes  per  square  centimetre. 
•=  783'8  cubic  centimetres.  Or,  1  cubic  centimetre  of  air  at  0° 
under  pressure  of  76  cm.  mercury  =  0*001293  gram  ;  1  cubic 
centimetre  mercury  at  0°  =  13-596  grams ;  g  =  981  (centim., 
seconds).]  Int.  Sc.,  1884. 

9.  Distinguish  between  the  specific  heat  of  air  under  constant 
pressure  and  its  specific  heat  under  constant  volume.     Show  how, 
from  a  knowledge  of  the  two  specific  heats  of  air,  together  with 
its  density  at  given  pressure  and  temperature,  the  value  of  the 

t    mechanical  equivalent  of  heat  may  be  computed.    Int.  Sc.,  1886. 

10.  Given  that  the  ratio  of  the  two  specific  heats  of  air  is  1'41,  and 
that  the  work  done   during  expansion,  at   normal  pressure,  by  1 
gram  of  air  when  its  temperature  is  raised  from  0°  C.  to  1°  C.  is  2926 
centimetre-grams  ;  find  the  value  of  the  two  specific  heats. 
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RECTILINEAR  PROP  A  G  A  TTOX  OF  LIGHT. 
PHOTOMETRY. 

13.  Tin:  calculations  connected  with  the  subject-matter  of  the  first 

Chapters  of  the  text  are  simple  applications  of  the  elements  of 

geometry  or  algebra  to  the  principles  there  explained,  and  need  no  fur- 

ther illustration  than  is  afforded  by  the  worked  examples  given  below. 

Note.—  In  Chapter  III.  we  have  made  use  of  the  term  cosine,  and  in 
-  chapters  it  will  be  necessary  to  make  frequent  use  of  the 
Hence  for  the  convenience  of  the  reader  we  shall  now 
n  these  terms. 

Let  DAE  represent  a  plane  angle.  From  any  point  C,  in  A  E, 
draw  C  B  perpendicular  to  A  D,  and 
cutting  A  1)  in  B.  Now  the  length  of 
B  C,  for  a  given  position  of  C.  evidently 
depends  on  the  magnitude  of  th 
DAK,  but  it  gives  no  indication  of  this 
magnitude  unless  the  position  of  C  be 
•d.  For  this  purpose  the  ratio 

A  B  D      A~?J  may  b°   considered,  and  it  can 

be  shown  geometrically  that  wl 
C    be    taken    on    A  E   this    ratio  .:,    and   is   definitely 

•  1    to   the   magnitude     of   the   angle    BAG.      Similarly    the 

A  "R 
ratio   7-Tris  constant  and  bears  a  fixed  relation  to  the  magnitude 

A  ( 

"R  C*  A  Tl 

of  B  A  C.   The  ratio  ^  is  called  the  tine  of  B  A  C,  and  the  ratio  £^ 

is  called  the  cosine  of  BA<\     Tn   the  right  -angled   triangle  BAC, 

\  ncr  to   11 

'>ir,  the  fide  A  B  is  called  the  bate,  and  AC  is  < 
il  terms  — 


Erne   BAC  =  FrPcndicqlar=8ini: 
hypotenuse 
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The  reader  should  deduce  geometrically  the  values  of  these  ratios 
for  angles  of  30°,  45°,  and  60°.    These  will  be  found  to  be  — 

sin  30°=  *         cos  30°  =  ^. 
8in45°=        -     cos  45°=          . 


sin  GO0  =  •.      cos  GO0  =      . 

EXAMPLES  I. 

1.  In  a  pinholc  camera  the  distance  from  the  aperture  in  front,  to 
the  screen  at  the  back,  is  IS  inches.  Find  the  relative  dimensions  of 
the  representation  on  the  screen  of  an  object  placed  6  feet  in  front  of 
the  camera. 

In  Fig.  6,  treating  the  pencils  from  A  and  B  to  A'  and  B'  respectively, 
as  lines  we  see  that  the  triangles  A  OB  and  A'  0  B'  are  equiangular, 
and  therefore  similar  (Euclid  vi.  4). 

AB         CO 


Here,  C  0  =  C  feet  and  0  C'  =  1£  feet. 

.     AB  _  C_0  _  6        4 
"  A'B'      0~0'~"li~ 
.-.     AB  =  4A'B'. 

2.  A  circular  uniform  source  of  light,  2  inches  in  diameter,  is 
placed  at  a  distance  of  10  feet  from  a  sphere  2  inches  in  diameter. 
Calculate,  approximately,  the  diameters  of  the  umbra  and  penumbra 
cast  on  a -screen  5  feet  beyond  the  sphere.  Matric.,  June  1889. 

Here,  in  Fig.  8  (&)— 

S  S'  =  2  inches  ;  0  0'  =  2  inches  ;  S  0  =  10  feet ;  0  u  =  5  feet. 
Diameter  of  umbra  =  uu  =  O  0  =  2  inches. 

f  Internal   =  uu  =  2 inches       f       f 

Diameters  of  penumbra  |  External  =  .pj*  =  4  inches  ;  f°r'  fr°m 
the  triangles  0  up  and  0  S  S',  we  have,  by  Euclid  vi.  4 — 

up-  _  uO  _  5    _  1 

But  S  S  =  2  inches. 

.  UP      1  1-1 

.  .  —        -  ,  or  up  =  1  inch. 

Z  4 

. •.    pp  •=.  uu  +  2  up  =  2 -»  2  =  4  inches. 
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3.  The  intensity  of  illumination  of  a  screen  placed  6  foot  from  a 
i  source  of  light  is  denoted  by  I.     Find  the  intensity  when  the 
distance  of  the  screen  is  increased  to  9  feet. 

1'  denote  the  required  intensity.    Then,  by  Art.  9 — 


r/6\*       /2V_4 

W  **(*)  —*• 


That  is,  I'=-yI. 

A  small  screen  is  held  6  feet  from  a  source  of  light,  in  such  a 
position  that  the  light  is  incident  on  it  normally.    It  is  then  ren. 

:e  of  10  feet  and  turned  round,  so  that  the  light  is  incident 
on  its  surface  at  an  angle  of  60°.  Compare  the  intensities  of  illumi- 
nation of  the  screen  in  the  two  cases. 

Let  I  and  I'  denote  the  intensities  of  illumination  for  the  first  and 
second  cases  respectively.    Then.  ,  10,  the  intensity  of  illumi- 

nation vari  //  as  the  squares  of  the  distances,  and  directly  as 

the  cosine  of  the  angles  of  incidence.     That  is — 


I_       /ION'     cos  0° 
1'       \  6  /       cos60c< 


cos  60C* 

Now— 

cos    0°  =  1,  and 
cos  60°  =  f 

'  50 

' 


Two  sources  of  light,  A  and  B,  when  placed  respectively  8  and 
m  a  screen  produce  the  same  intensity  of  illumination  of 
its  surface.    Compare  the  illuminating  powers  of  A  and  B. 
3- 

Miinating  power  of  A  __  /  8  \:     }•'• 
uiinating  power  of  B       \  1 n  / 

6.  The  intensities  of  two  sources  of  light,  A  and  B.  which  are  placed 
a*  4: 9.    Find  a)  ate  o&  the  line  joining  then 

•y  of  illumination  is  the  same. 

note,  in  ft*  -ace  of  either  of  the  required  points 

from  A. 

2\' 


*)-*-(- 
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That  is— 

R.r  =  20 -2a? 

'../•  =  20,     and  x  =  4  feet ; 
or  3a?  =  —20  +  2*. 
and   x  =  —20. 

That  is,  there  is  equality  of  illumination  at  a  point  between  A  and  B, 
4  feet  from  A  and  6  feet  from  B  ;  also  at  a  point  20  feet  from  A  on 
the  side  remote  from  B.  [That  i«,  the  line  AB  is  divided  internally 
and  externally  in  the  ratio  2:3.] 

7.  A  circular  uniform  source  of  light,  10  cm.  in  diameter,  is  placed 
1  metre  in  front  of  a  spherical  opaque  body  5  cm.  in  diameter.     Find 
the  shortest  distance  from  the  latter  at  which  a  screen  may  be  placed 
so  as  to  have  no  umbra  in  the  shadow  cast  upon  it ;  also  find  the 
diameter  of  the  penumbra  in  this  position  [Fig.  8  (<?)]• 

8.  A  luminous  sphere,  5  cm.  in  diameter,  is  placed  150  cm.  from  a 
disc  of  wood  of  25  sq.  cm.  area.     Find  the  dimensions  of  the  umbra 
and  penumbra  cast  on  a  screen  50  cm.  behind  the  disc  of  wood. 
The  line  passing  through  the  centre  of  the  luminous  sphere  and  the 
disc  is  perpendicular  to  the  latter  and  to  the  screen. 

9.  In  Fig.  6,  C  0  =  3  metres,  0  C'  =  20  cm.,  and  the  diameter  of 
the  aperture  at  0  is  1  mm.     Find  the  area  of  the  circular  spot  of  light 
at  C'  due  to  the  pencil  of  light  coming  from  C.     If  A  B  =  2  metres, 
find  also  the  length  of  A'  B'. 

10.  The  intensities  of  two  sources  of  light  are  in  the  ratio  9  :  16. 
Find  the  ratio  of  the  distances  at  which  they  must  be  placed  from  a 
screen,  in  order  to  produce  on  it  the  same  intensity  of  illumination. 

11.  The  lines  joining  the  points  A,  B,  and  C  form  an  equilateral 
triangle.     D  is  the  middle  point  of  B  C.    A  screen  is  placed  at  A 
with  its  surface  parallel  to  B  C.     Lights  placed  at  B,  C,  and  I)  are 
found  to  equally  illuminate  the  screen  at  A ;  compare  their  illuminat- 
ing powers. 

12.  In  Foucault's  photometer  (Fig.  11)  E  L,  :  E  La  \:a  :  b.    Find 
the  relative  intensities  of  L£  and  L2. 

13.  In  Kumford's  photometer  (Fig.  12)  Lj  s  is  found  to  be  115  cm., 
and   La  s  to  be  201  cm.      Compare  the  illuminating  powers  of  Lj 
and  L2. 

14.  The  intensifies  of  two  sources  of  light  are  in  the  ratio  4:9.     If 
these  sources  are  200  cm.  apart,  where  would  a  Bunsen's  photometer 
be  in  accurate  adjustment  between  them  ? 

15.  The  distance  between  two  incandescent  lamps  of  16  and  25 
candle-power  respectively  is  6  feet.      Show    that    there  are  two 
positions,  on  the  line  joining  the  lamps,  at  which  a  screen  may  be 
placed  so  as  to  receive  equal  illumination  from  each  lamp;  and 
determine  these  positions. 
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REFLEXION   AT   PLANE   SUJfl'A 


28.  ALL  problems  on  reflexion  at  plane   surfaces  are,  more  or 
geometrical  deductions,  involving  a  knowledge  of  the  laws  of  reflexion 
in  addition  to  the  usual  geometrical  propositions. 

The  results  of  Art  26  are  not  of  very  great  importance,  but  the  simple 
case  where  6  is  an  aliquot  part  of  360°  should  be  remembered.     In  this 

case  the  number  of  images  formed  is  IT  — 


In  Art.  27  the  deviation  produced  by  n  reflexions  from  mirrors 
inclined  at  an  angle  a.  when  n  is  even,  should  b  j  specially  noticed.     If 
note  this  deviation,  then  — 

D  =  na. 

Note.—  In  preparation  for  the  work  of  the  next  chapter  the  reader 
should  notice  the  following  points  :  — 

1.  The  results  of  Euclid  vi.  3,  A.  and  4. 

The  meaning  of  the  terms  infinite  and  infinity.  A  quantity 
becomes  infinite  when  its  value  becomes  greater  than  any  value  we  can 
assign  to  it.  If  the  value  of  any  quantity  q  is  infinite,  this  is  expressed 
by  writing  q  —  <x>. 

'  The  term  infinity  will  be  best  understood  from  its  use  in  the  state- 
ment that  parallel  straight  lines  meet  at  infinity.  If  any  straight 
line  O  A  be  pro-i  cation  0  A,  until  it  is  of  infinite 

length,  the  point  A'  will  be  at  infinity. 

be  ratio  -•     If  x  becomes  infinite,  the  ratio  becomes 
—  ,  and  the  value  of  this  expression  is  zero.    That  is  — 


where  a  \* 

4.  The  sine  of  any  angle  is  equal  ;pplement. 

That  is— 

sin  o  =  sin  (180—  a). 
This  is  readily  seen  from  a  figi 

mgle  the  sides  are  proportional  to  the  sines  of  the 
. 
B.  d  y 
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In  the  triangle  A  B  C  we  have 

sin  ABC  -  — 
AB 


sin  B  C  A  =  A-5.        (Art.  13,  note.) 
sin  A  B  C       AC 


C    '    '  sin  B  C  A  -  A  B 


sin  B  C  A       A  B, 
'sin  C  A  B  -  BC   a 

sin  C  A  B  _  B_C. 
sin  A  B  C  ~~  C  A 

That  is— 

Sin  ABC:  sin  B  C  A  :  sin  C  AB  ::  CA:  AB:BO. 


Q.E.D. 


EXAMPLES  II. 

1.  A  ray  of  light  starts  from  A,  meets  a  plane  reflecting  surface  at 
M,  and  is  reflected  to  B.     Prove  that  A  M  B  is  the  shortest  possible 
path  from  A  to  B  by  way  of  the  mirror. 

If  A  M  B  be  not  the  shortest 
path,  let  any  other  path  A  M'  B 
be  shorter.  Draw  ANA'  nor- 
mal to  the  mirror,  and  produce 
B  M  to  meet  A  A'  in  A'. 

Then,'  since  AN  =  A'N  we 
have,  by  Euclid  i.  4,  A  M=  A'  M 
and  A  M'  =  A'  M'. 

But  A'  M'  +  W  B  >  A'  B  > 
A'  M  +  M  B  (Euc.  i.  20). 
.-.AM'  +  M'B>  AM  +  MB. 
Q.E.D. 

2.  An  object  is  placed  between 
two    mirrors    inclined    at    an 
angle  of  60°;   find  how  many 
images  are   formed,  and  show 


M 


M 


A' 


that  the  images  formed  in  the  angle  vertically  opposite  that  contained 
by  the  mirrors  are  coincident.  (The  conditions  of  this  question  are 
represented  in  Fig.  25.) 
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Since  60°  is  an  aliquot  part  of  360°,  we  have,  for  the  number  of 
images  formed — 


Also,  A,'"  and  A,'"  are  the  images  to  be  shown  coincident.  For 
this  purpose  we  must  prove  A  0  A/"  +  A  O  A,'"  (measured  in 

directions)  equal  to  360°. 

\  0  M,  =  a  and  A  0  M,  =  /3,  then,  by  the  method  of  Art.  26,  we 
have —  • 

A  O  A,'"  =  2a  +  2(60)  =  120  +  2a 
A  O  V  =  2/3  +  2(60)  =  120  +  2/3. 
.'.  AOA,'"  +  A 0 A/"  =  240  +  2(a  +  /3) 
=  l>40  +  120  =  360. 

3.  \Vhat  must  be  the  angle  between  two  plane  mirrors  in  order  that 

incident  parallel  to  one  of  them  may,  after  two  reflexions,  be 
parallel  to  the  other  ?  -.  £•.,  1872. 

Let  a  denote  the  angle  between  the  mirrors,  then,  after  two 
reflexions,  the  deviation  produced  =  2a  (Art.  27).  But  the  deviation 
required  by  question  =  180  —  a. 

.'.   2a=>180  —  a; 

:a  =  180; 
.    .     a  =   60. 

4.  A  small  object  is  placed  between  two  parallel  mirrors  as  in 
Fig.  22.    The  distance  between  the  mirrors  is  6  inches,  and  the  object 
is  placed  2  inches  from  one  of  them.     Find  the  distances  between 
the  corresponding  members  of  the  two  series  of  images  formed  ;  also 

i stances  between  the  odd  members  of  each  series,  and  between 
the  even  members  of  each  series. 

The  sun  is  30°  above  the  horizon,  and  you  see  his  image  in  a 
tranquil  pool.  What,  in  this  case,  is  the  angle  of  incidence  and 
reflexion  ? 

high,  sees   hi*    ininire  in  a  plane  mirror  huni: 
illy.      The  top  of  the  mirror  :<>m  the  ground, 

determine  its  smallest  length  in  order  that  the  man  may  see  his  full- 
length  image  in  it. 

7    Flndl  "n  produced)  >y  r«  flexion  at  a  plane  mirror,  \ 

ugle  between  the  incident  and  i  .ys  is  80°. 

8.  The  angle  1  ro  mirrors  li  what  angle  should  ft 

ray  of  ligl  rs,  be 

rror  in  order  thnt  it  may,  after  ?•  \ione, 

1  back  along  the  same  course?    How  many  times  is  the  ray 
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9.  Show,  that  if  a  ray  of  light  be  incident  at  any  angle,  on  one  of 
two  mirrors  inclined  at  right  angles  to  each  other,  then  the  ray  is 
reflected  from  the  second  mirror  in  a  direction  parallel  to  its  original 
direction. 

10.  A  mirror  revolves  about  a  horizontal  axis  parallel  to  its  surface. 
Show  how  to  find  if  the  reflecting  surface  is  accurately  parallel  to  the 
axis  of  revolution. 
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(  1 1  AFTER   III. 


REFLEXION   AT  *l>II]-:iiir.\L    SURFACES. 


37.  THE  formulae  of  importance  in  the  chapter  on  this  subject  are  — 

1.        J+l  =-.=  '•:.  (Art.  32.) 

r        M        /        r 

Distances  measured  from  the  pole  of  the  mirror. 

'2.  =/*.  (Art.  33.) 

Distances  measured  from  the  focus. 

Q  f  ,.       Image       v 

3(fl)-     object  =  r 

Distances  measured  from  the  pole  of  the  mirror. 
o  fj)^         Image  _  c' 


es  measured  from  the  centre  of  curvature. 
o  /rx        Image  _    / 


Distances  measured  from  the  pole  of  the  mirror. 

Distances  measured  in  a  direction  opposed  to  that  of  the  incident 
lijrht  are  considered  positive,  and  those  measured  in  the  same  direction 
as  the  incident  light  are  considered  negative. 

This  convention  applies  to  all  ca>«.-.-,  wherever  the  distance  con- 
sidered may  be  measured  from.  In  applying  the  above  formulas  the 
following  points  must  be  noticed  :  — 

1.  On  "substituting  a  numerical  value  for  any  of  the  symbols,  the 
sign  of  the  former  must  always  be  attached. 

:  example,  if  in  formula  (1),  w  =  6  and  v  =  —  8,  then,  on  substi- 
tution, we 

11       12 


.-.  /      •_'!  a  M.I  r  =  48. 

in  apply  ing  a  formula  to  determine  on  mce*, 

the  others  being  known,  no  sign  must  be  given  to  the  unknown 
distance.    Thus,  in  the  above  example,  no  sign  is  at  first  given 
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bat  the  result,  when  worked  out,  shows  it  to  be  positive — that  is,  the 
mirror  is  concave. 

3.  When   distances  are  measured  from  the   pole   of  the  mirror 
[formulae  1,  3 (a),  and  3 (c)],  the  radius  of  curvature  and  focal  length 
are  positive  for  a  concave  mirror,  and  negative  for  a  convex  mirror. 
This  is  in  accordance  with  the  sign  convention  given  above,  and  needs 
special  notice  only  as  a  reminder. 

4.  Always  draw  a  fairly  accurate  figure  representing  given  condi- 
tions.    This  prevents  mistakes  as  to  sign. 

Formulae  1  and  3  (a)  are  the  most  important. 

Formulae  3  (a)  and  3  (&)  should  be  learnt  in  words  (Art.  34) ;  3  (c)  is 
not  important,  but  is  sometimes  very  convenient.  The  different  forms 
of  formula  3  may  be  remembered  by  noticing  that  "  image  "  and  "  v  " 
are  associated,  as  are  also  "object "  and  " u.n 

5.  Sign  need  not  be  considered  in  connection  with  formula  3  if 
the  ratios  be  learnt  in  words.     But  if  learnt  as  formulae  involving 
«,  »,/,  c,  and  c',  then  the  signs  must  be  considered,  just  as  in  any  other 
case,  and  the  following  interpretations  of  the  results  will  be  found 
useful : — 

3  (a).  Ratio  positive  indicates  that  image  is  real, 

,,     negative        ,,          .,        ,,       „  virtual, 

because,  if  v  and  u  are  of  opposite  sign,  then  the  image  must  be 
behind  the  mirror,  and  therefore  virtual  (Art.  34). 

3  (*).  Ratio  positive  indicates  that  image  is  ere ct, 

„      negative       .,          „        ,,        .,  inverted, 

because,  in  the  first  case,  the  object  and  image  must  be  on  the  same 
side  of  C,  and  the  latter  is  therefore  erect ;  and,  in  the  second  case, 
they  are  on  opposite  sides  of  C,  and  therefore  the  image  is  inverted 
(Art.  34). 

3  (c).  Ratio  positive  indicates  that  image  is  real, 

„      negative        „  „         „         ,,  virtual. 

Cp.  8  (a)  and  Art.  34, 1.  3  and  II.  1. 

When  the  magnification  is  one  of  the  data  of  a  problem,  attention, 
nvu*t  be  paid  to  this  point.  See  Ex.  III.  4. 

EXAMPLES  III. 

1.  An  object  is  placed  15  cm.  in  front  of  a  concave  mirror  of 
30  cm.  focal  length.  Find  the  position  of  the  image  and  the  ratio 
of  its  size  to  that  of  the  object. 

Here  we  have  given  us — 

?,  =  15;/=30. 

Hence,  substituting  in— 
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we  have— 

1!=L        .  1=  _! 
V      15  '    r  30* 

.-.  »  =  -30. 

That  is,  the  ima^e  is  30  cm.  behind  the  mirror,  and  is  therefore 
virtual.    Also,  image  and  object  are  on  the  same  side  of  C  ;  therefore 
image  is  erect. 
Also— 

Ima£e_==r_--30=  _  2 
Object      «         15 

That  is,  image  is  virtual,  and  twice  the  size  of  the  object. 

This  problem  may  also  be  solved  by  the  application  of  2  and  3  (<•), 
thus  :— 

From  data— 

x  =  -(30- 15)  =  -15 
/=30. 

Therefore,  substituting  in  x  x'  =/2,  we  have— 

-  1 :.  x'  =  (30)2  ; 
or— 

30x30 


-15 


=  -60. 


That  is.  the  image  is  60  cm.  from  the  focus,  in  the  same  direction 
as  the  mirr  ie  mirror. 

Also— 

Image,    /    _     30      _^_0 
Object      «-/      15 -:w 

That  is,  the  image  is  virtual,  and  twice  the  size  of  the  object 

A  pencil  of  rays,  converging  to  a  point  20  cm.  behind  a  minm. 
is  brought  to  focus,  by  reflexion  from  its  surface,  at  a  point  1<>  cm.  in 
he  mirror.     Determine  whether  the  mirror  is  convex  or 
concave,  and  find  its  radius  of  curvat 

.  r  =  In, 

«ai+!-i. 

v    it      r 

•_L-1  =  2  =1 

"  in     20       r  r 

orr  =  40  and/ =20. 
t  U,  the  mirror  is  concave,  and  its  radius  of  curvatur 
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3.  An  object,  3  cm.  in  length,  is  placed  20  cm.  in  front  of  a  convex 
mirror  of  12  cm.  focal  length.  Find  the  nature  and  position  of  the 
image. 

=  20,/=  -12 


I+JL..-JL 

v       HO          12 


v~       20       12  ~       15* 

.  J-=_2 

'  v         15' 

.-.  v=  -7-5. 

That  is,  the  image  is  7-5  cm.  behind  the  mirror,  and  is  therefore 
virtual. 
Also— 

Image  _  v  _  _7'5 
~~~  ' 


That  is,  image  is  virtual  ;  and  disregarding  sign,  we  have— 
Length  of  image   _  3 
3  cm.  =  ~8* 

.*.    Length  of  image  =  _.=  1-125  cm. 

8 

Applying  formulae  2  and  3  (c)  to  this  problem  we  get  — 
«  =  20  +12  =32,  and/  =12. 
.  •.  32  x'  =  (12)2. 
.      12  x  12      ,.- 

•••x=-w-=*5' 

That  is,  the  image  is  4-5  cm.  from  focus  in  the  positive  direction* 
or  7-5  cm.  behind  the  mirror. 
Also— 

Image  __    /    _       -12       _  -12 
Object       u-f~  20-(-12)  ~    32   " 
.    Image  _  _3 
'  Object  ~      8  ' 

That  is,  the  image  is  virtual  ;  and  disregarding  sign,  we  have— 
Length  of  image       3 
3  cm.  ~  8  * 

Q 

,',  Length  of  image  =  -  =  1-125  cm. 

8 
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4.  A  gas  flame  is  placed  at  a  distance  of  8  feet  from  the  wall  of 
a  room.  Find  the  radius  of  curvature  of  a  concave  spherical  mirror, 
and  where  it  must  be  placed  in  order  that  it  may  produce,  on  the 
wall,  an  image  of  the  gas  flame  magnified  threefold. 

Here,  if  x  denote  the  distance  of  the  mirror  from  the  gas  flame,  we 
have  — 


And— 

Image  __£_  _  x  +  8 
Object      u          x 

.  •.  3  x  =  x  +  8. 

.'.  #  =  4. 
And— 

Image  _    / 
Object      u-f 


12-3/=/. 
.  '.  /  =  3  and  r  =  6. 

Or,  after  determining  x  =  4,  we  may  employ  1  instead  of  3  (<?), 
thus— 


'    1     1  =  1 

'    12  """  4      /' 
.    J_      1 
'    3     7* 
.'./=  3,  and  r  =  6. 

-re.  the  mirror  must  be  placed  4  feet  from  the  gas  flame—  that 
I  feet  from  the  wall—  and  its  radius  of  curvature  should  be  •'• 

5.  A  square  piece  of  cardboard  of  1  inch  side  is  placed  at  right 
angles  to  the  principal  axis  of  a  concave  mirror  of  18  inches  focal 
I'-njith.    At  what  distance  from  the  mirror  must  it  he  placed  in  order 
m  image,  9  square  inches  in  area,  may  be  formed  / 

Area  of  image  _  /   /    \a 
Area  of  object      \u-f)' 

-  9        18 


*•  5=18' 

«  =  24  or  12. 
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That  is,  the  object  may  be  placed  24  inches  in  front  of  the  mirror, 
or  12  inches  in  front  of  the  mirror.  In  the  former  case  the  image  is 
real  and  inverted  ;  in  the  latter  it  is  virtual  and  erect. 

This  problem  may  also  be  solved  by  means  of  formulae  1  and 
30). 

6.  An  object  is  placed  16  inches  from  the  centre  of  curvature,  and 
12  inches  from  the  focus  of  a  convex  mirror.  Find  the  nature  and 
position  of  the  image. 

Here,  the  distances  between  the  focus  and  centre  of  curvature 
=  (10-12)  =4  inches. 

.-.  r=  -8and/=  —4, 
and  u=  16-8  =  8. 

.'.  1  +  ^-=I 
v    u      f 


That  is,  the  image  is  2|  inches  behind  the  mirror,  and  is  virtual, 
erect,  and  diminished  (Art.  34,  II.). 

[Virtual  and  diminished  shown  by  ratio  — 


, 

erect  and  diminished  shown  by  ratio— 


7.  Given  a  concave  mirror  whose  focal  length  is  12  inches,  where 
would  you  place  a  candle  flame  in  order  that  the  image  of  it,  formed 
by  the  mirror,  may  be  (1)  real,  (2)  virtual. 

8.  A  concave  spherical  mirror  is  so  placed  that  a  candle  flame  is 
situated  on  its  principal  axis  at  a  distance  of  18  inches  from  its 
surface.     An  inverted  image,  three  times  as  long  as  the  candle  flame  ' 
itself,  is  seen  sharply  defined  on  the  wall.     What  is  the  focal  length 
of  the  mirror  1 

9.  Prove  that  if  an  object  is  placed  at  a  distance  of  3/  in  front 
of  a  concave  mirror  (of  focal  length  /),  then  the  image  is  one-half 
the  size  of  the  object. 

10.  A  small  object  on  the  axis  of  a  concave  mirror,  at  a  distance  of 
16  inches  from  it,  produces  a  real  image  which  is  three  times  its  own 
size.     Find  the  focal  length  of  the  mirror. 


~:> 

11.  A  small  object  O'l  inch  long  is  placed  at  a  distance  of  3  feet 
from  a  convex  mirror  of  12  inches  focal  length.  What  is  the  length 
of  the  image  and  its  distance  from  the  mirror  1 

\-l.  A  gas  flame  is  placed  at  a  distance  of  10  feet  from  the  wall  of 
a  room.  What  must  be  the  radius  of  curvature  of  a  concave  spherical 
mirror,  and  where  must  it  be  placed  in  order  that  it  may  produce  on 
the  wall  an  image  of  the  gas  flame  magnified  (linearly)  fourfold  1 

\  '.\.  A  penny  is  held  8  inches  in  front  of  a  convex  mirror  of  1  foot 
radius.  Where  will  its  image  be,  and  what  will  be  its  diameter 
compared  with  that  of  the  penny  ? 

14.  How  far  from  a  concave  mirror  of  radius  3  feet  would  you 
place  an  object  to  give  an  image  magnified  three  times  ?  Would  the 
image  be  real  or  virtual  ? 

1  .">.  An  object  6  cm.  long  is  placed  1  metre  in  front  of  a  concave 
mirror  of  10  cm.  focal  length.  Find  the  nature  and  size  of  the 

bongo. 

If..  Prove  that  when  an  object  is  placed  midway  between  a  concave 
mirror  and  its  principal  focus  the  image  is  twice  as  large  as  the 
object. 

17.  An  object  is  held  in  front  of  a  convex  mirror,  at  a  distance 
equal  to  the  focal  length  of  the  mirror.     Determine  the  size,  nature, 
and  position  of  the  image. 

18.  A  gas  jet  is  placed  on  the  principal  axis  of  a  spherical  miriM 
10  cm.  in  front  of  it.    A  real  and  inverted  image  is  produced  on 
a  screen  held  in  front  of  the  mirror.     If  the  length  of  the  image  is 
three  times  that  of  the  flame,  find  the  focal  length  of  the  mirro: 

the  position  of  the  screen. 

19.  An  image  produced  by  a  convex  mirror  of  focal  length  /  is 
1/rth  the  size  of  the  object.  Show  that  the  distance  of  the  object  from 
the  mirror  is  (r  —  I)/. 

20.  A  plane  mirror  is  placed  6  feet  in  front  of  a  concave  mirror  of 
focal  length.     Find  where  an  object  must  be  placed  between 

the  two  mirrors  in  order  that  images  and  object  may  coincide. 
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EXAMINATION  QUESTIONS. 
QUESTIONS  SET  AT  LONDON  UNIVERSITY  EXAMINATIONS. 

Matriculation. 

1.  A  plane  mirror  revolves  about  an  axis.     Explain  a  method  of 
ascertaining  experimentally  whether  or  not  the  axis  is  perpendicular 
to  the  surface  of  the  mirror.  June,  1871. 

2.  Two  plane  mirrors  are  inclined  at  an  angle  of  60°  :  trace  the 
path  of  a  pencil  of  rays  proceeding  from  a  luminous  point  between 
the  mirrors  to  the  eye,  after  undergoing  one  reflection  at  the  surface 
of  each  mirror.  Ibid. 

3.  State  the  laws  of  the   Keflexion  of  Light  by  plane-polished 
surfaces,  and  explain  fully  an  accurate  method  of  proving  them  by 
experiment.  Jan.,  1872. 

4.  If  a  small  object  on  the  principal  axis  of  a  concave  mirror  is 
gradually  moved  up  to  the  mirror  from  a  point  at  a  considerable 
distance,  show  what  will  be  the  simultaneous  changes  in  the  position 
and  size  of  the  image.  Ibid. 

5.  Apply  the  laws  of  Keflexion  of  Light  to  find  the  apparent  position 
of  a  luminous  point  seen  by  reflexion  in  a  plane  mirror.      Jit  tie,  1872. 

6.  A  ray  of  light  is  reflected  successively  by  two  plane  mirrors, 
the  plane  of  incidence  being  perpendicular  to  the  line  of  intersection 
of  the  mirrors  :  prove  that  when  the  mirrors  are  at  right  angles  to 
each  other  the  final  direction  of  the  ray  is  parallel  to  its  original 
direction. 


7.  When'  a  ray  of  light  falls  upon  a  rotating  mirror,  show  that  the 
reflected  ray  turns  twice  as  fast  as  the  mirror.  Jan.,  1873. 

8.  Enunciate  completely  (in  two  statements)  the  law  of  Reflexion 
of  Light.     Employ  it  to  find  the  positions  of  the  images  of  a  bright 
point  placed  between  two  parallel  plane  mirrors.  June,  1873. 

9.  A  candle-flame  is  placed  at  a  distance  of  three  feet  from  a 
concave  mirror  formed  of  a  portion  of  a  sphere  the  diameter  of 
which  is  three  feet.     Determine  the  nature  and  position  of  the  image 
of  the  candle-flame  produced  by  the  mirror,  and  state  whether  it  is 
erect  or  inverted.  June,  1874. 

10.  Sketch  a  concave  spherical  mirror  exhibiting  a  distant  luminous 
object,  and  showing  the  position  and  nature  of  the  image  of  this 
object  given  by  the  mirror.  June,  1875. 
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11.  ( i-vt.  n  a  concave  spherical  mirror,  how  could  you  find  its  radius 
of  curvature  by  optical  means  alone,  and  without  resorting  to 
geometrical  operations?  Jan.,  1>7 

Rays  of  light  from  a  bright  gas  flame  pass  through  a  small 
pinhole  in  a  black  screen,  and  are  received  on  a  sheet  of  ground 
glass.  Describe  by  the  help  of  a  picture  the  image  seen  on  the  g 

would  be  the  effect  of  making  the  pinhole  square  instead  of 
round?  Jan.,  1877. 

13.  Completely  enunciate  in  two  statements  the  law  of  Reflexion 
of  Light,  and  show  how  to  find  the  chief  focus  of  a  concave  spherical 
mirror.  Jbi<I. 

14.  Assuming  the  laws  of  the  ordinary  Reflexion  of  Light,  find  the 
position  of  the  image  of  an  object  placed  in  front  of  a  plane  mirror. 
What  are  the  limits  of  position  of  the  object  (the  minor  being 
supposed  fixed)  so  that  an  image  of  it  may  be  formed  by  the  mirror  / 

\J>n,  .  1-77. 

ane  mirror,  in  the  shape  of  a  circle,  revolves  about  a 
vertical  diameter.     A  fixed  horizontal  ray  of  light  falls  upon  its 
centre  and  is  there  reflected.     Prove  generally  that  if  the  mirror 
move  through  any  angle  the  reflected  ray  will  appear  to  have  i 
through  double  that  angle.  Jan.,  1878. 

16.  An  object  6  inches  long  is  placed  symmetrically  on  the  axis 
of  a  convex  spherical  mirror,  and  at  a  distance  of  12  inches  from  it. 
The  image  formed  is  found  to  be  2  inches  long.    What  is  the  focal 
length  of  the  mirror  ?  llnl. 

1 7.  Show  how  to  find  the  position  of  the  image  of  an  arrow  placed 
in  front  of  a  concave  spherical  mirror.     Exj.lain  when  it  is  an 

and  when  an  inverted  image.  June,  lt>7v 

18.  Explain  the  formation  of  images  by  a  concave  cylindrical 
mirror.     Find  the  relation  between  the  distances  of  the  two  conjugate 
foci  from  the  mirror.    What  is  the  position  of  the  image  of  a  point 
which  is  at  the  distance  of  the  diameter  from  the  reflecting  si. 

of  thecylin  1879. 

19.  A  small  object  is  placed  in  front  of  a  concave  spherical  mirror 
of  6  inches  radius  at  a  distance  of  four  inches  from  the  surface  of 
the  mirror.     Where  will  its  image  be  sit;  .-t  or 
inverted  ?  and  what  will  its  dimensions  be  compared  with  those  of 
the  object  1    Where  must  the  object  be  that  the  ima 

1880. 

the  formation  of  images  by  means  of  a  con 
.   How  would  you  determine  the  focal  length  of 

-•<0. 

ain  the  formation  of  an  image  by  a  convex  mil : 
:is  of  a  con  ii^  linear  dimensions 

of  an  object  be  twice  those  of  its  image,  where  m 

--!. 
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22.  State  the  laws  of  Reflexion  of  Light.     Two  mirrors  are  placed 
parallel   to  one  another,  and  a  luminous  point  is  placed  midway 
between  them.     Show  how  to  draw  accurately  the  path  of  a  ray  of 
light  which,  after  undergoing  3  reflections  at  one  mirror  and  4  at 
the  other,  enters  an  eye  also  placed  midway  between  the  mirrors, 
but  at  some  distance  from  the  source  of  light.  June,  1882. 

23.  On  a  moonlight  night  when  the  surface  of  the  sea  is  covered 
with  small  ripples,  instead  of  an  image  of  the  moon  being  seen  in 
the  sea.  a  long  band  of  light  is  observed  on  the  surface  of  the  sea 
extending  towards  the  point  which  is  vertically  beneath  the  moon. 
Account  for  this  phenomenon  in  accordance  with  the  laws  of  reflec- 
tion, illustrating  your  explanation  by  a  figure.  Ibid. 

24.  A  bright  object  is  placed  between  two  plane  mirrors  inclined 
at  45°.     Draw  a  picture  showing  the  path  of  a  ray  of  light  pro- 
ceeding from  the  object  and  reaching  the  observer's  eye  after  four 
reflections.  June,  1886. 

2.".  Two  mirrors  are  inclined  to  each  other  at  right  angles.  Show 
that  three  images  of  an  object,  placed  in  the  angle  between  the 
mirrors,  are  formed,  and  draw  the  pencil  of  rays  by  which  the  second 
image  can  be  seen  by  an  eye  looking  at  one  mirror.  June,  1887. 

26.  State  the  optical  law  on  which  photometric  measurements  are 
based.     A  gas  flame  and  a  candle  are  eight  feet  apart,  the  former 
giving  out  nine  times  as  much  light  as  the  latter.     Show  that  there 
are  two  positions  in  which  a  screen  may  be  placed  so  as  to  be  equally 
illuminated  by  the  two  sources,  and  find  these  positions. 

Jan.,  1888. 

27.  A  candle  flame  is  placed  between  two  vertical  plane  mirrors 
inclined  to  each  other  at  an  angle  of  45°.     Draw  a  figure  showing 
the  path  of  a  ray,  which,  after  four  reflexions,  enters  the  eye  of  an 
observer  at  the  same  level  as  the  candle.  I  lid. 

28.  What  do  you  understand  by  the  intensity  of  illumination  at  a 
point,  and;  how  would  you  show  that  the  intensity  of  illumination 
at  a  point,  due  to  a  given  source,  is  inversely  proportional  to  the 
square  of  the  distance  of  the  point  from  the  source  ? 

Lit.  So.,  1889. 
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CHAPTER   IV. 

REFRACTION   AT    PLANE   AND    SPHERICAL 
SURFACES. 


47.  Lv  the  chapter  on  this  subject  several  important  relations  have 
been  established.  For  convenience  of  reference  we  shall  here  sum- 
marise the  formulated  expressions  of  these  relations  :  — 


That  is,  the  index  of  refraction  from  bio  a  is  the  reciprocal  of  that 
from  a  to  b. 

(2)  &c=aW>    We 

(3)  «M>=^-' 

*• 

(4)  a0»  =  sin'1  a«6. 

The  relations  (3)  and  (4)  should  be  learnt  in  words. 

(5)  D  =  (0-0'; 

(6)  r=nu 

,7v  *'  =  M* 

rf  =  f(l-M) 

(8)  *-  1  =  £=2. 

v     11        /• 

In  formulae  which  involve  v  and  w,  distances  are  measured  from  the 
surface  of  separation  of  the  media,  and  the  usual  sign  convention 
(Art.  37)  is  adopted. 

In  all  cases  p,  denotes  the  index  of  refraction  in  the  direction  in 
which  the  light  is  travelling. 

EXAMPLES  IV. 

1  The  absolute  refractive  indices  of  diamond  and  glass  are 
respectively  |  and  f  .  Find  the  relative  indices  of  refraction  from 
glass  to  diamond,  and  from  diamond  to  glass. 

:v,  if  ,^4  denote  the  relative  index  of  refraction  from  glass  to 
diamond  we  have,  from  (3)  — 

W*_5  •  3_6      2_5 
,M-=        =    —  _ 

fU          m       M       f       B       9 
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2.  Find  the  critical  angle  for  water  and  glass,  given  that  the  index 
of  refraction  from  air  to  glass  is  $,  and  that  from  air  to  water  $. 

Of  the  media,  water  and  glass,  glass  is  the  denser,  and  by  (1)  and 
<2)  we  have  — 

gHi,=  <,,ua  .  „/**  =  $  .  |  =  f  . 

Now,  if  g0w  denote  the  critical  angle  for  glass  and  water,  then— 


That  is,  the  critical  angle  for  glass  and  water  is  an  angle  whose 
sine  is  $•  Reference  to  a  table  of  sines  shows  this  to  be  6C°  44'. 

3.  A  small  air  bubble  in  a  piece  of  glass  with  a  plane  surface  is 
3  inches  below  that  surface  ;  find  its  apparent  distance  from  an  eye 
looking  at  it,  along  a  normal  to  the  surface,  from  a  point  8  inches 
from  the  surface.     (Index  of  refraction  from  air  to  glass  f  .) 

Here,  applying  t'=p.t  (7),  and  remembering  that  the  light  is 
supposed  to  be  travelling  from  glass  to  air,  and  that  therefore  n  =  §, 
we  have  — 

t'  =  £  x  3  =  2  inches. 

Therefore  the  apparent  distance  of  the  bubble  from  the  eye  =  8  +  2 
=  10  inches. 

4.  A  gold  fish  globe  of  6  inches  radius  is  filled  with  water.     Deter- 
mine the  apparent  position  of  a  point  inside  the  globe,  4  inches  from 
its  surface,  when  seen  by  an  eye  looking  along  a  radius  of  the  globe. 

Here,  the  surface  at  which  refraction  takes  place  is  spherical  ; 
and,  neglecting  the  action  of  the  glass  of  the  globe,  we  have  — 

£-!-£zi  (8). 

v     u        r 

and  p  =  £  (water  to  air) 
u  =  4  inches 
r  =  6  inches 
v  is  required. 

•  JL=  1  _  J_  =  -& 

'40        4       24       24' 
.-.200  =  72. 

v  =  3-6  inches. 

That  is,  the  apparent  position  of  the  point  is  inside  the  globe  on 
the  radius  passing  through  its  real  position,  and  3-6  inches  from 
the  surface. 

5.  A  piece  of  plate-glass,  5  inches  thick  (refractive  index  1-6),  is 
placed  between  the  eye  and  an  object.     Find  what  alteration  will 
take  place  in  the  apparent  distance  of  the  object  from  the  eye. 

6.  Find  the  relative  index  of  refraction  from  Canada  balsam  to  air. 
(Refer  to  the  table  of  refractive  indices  for  data.) 
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The  sine  of  the  critical  angle  for  two  media  is  J.  What  is  the 
index  of  refraction  from  the  rarer  to  the  denser  of  the  two  ? 

8.  Find  the  absolute  refractive  index  of  carbon  distil phide.  given 
•he  relative  index  of  refraction  from  carbon  disulphide  to  glass 
is  0-9,  and  the  absolute  refractive  index  of  glass  is  Toll.'. 

I  f  a  ray  of  light  passes  from  one  medium  to  a  second,  making 
the  angle  of  incidence  =  45°,  and  the  angle  of  refraction  equal  to  30  , 
show  that  the  refractive  index  for  the  media  is  V2. 

10.  The  critical  angle  of  a  given  medium  is  60°.     What  is  its 
refractive  it 

Note. — When  'nl  angle  or  the  refractive  index  of  any 

medium  is  referred  to,  it  must  be  understood  that  the  other  medium 
involved  is  vacuum. 

11.  A  vessel,  6  inches  deep,  is  filled  with  alcohol.     What  is  the 
apparent  depth  of  the  liquid  f 

12.  The  refractive  index  of  water  is  1-33.  and  the  velocity  of  light 
in  air  is  300,000,000  metres  per  second.    Find  the  velocity  of  light 
in  \v;. 

13.  A  small  air  bubble  in  a  sphere  of  glass,  4  inches  in  diameter, 

hen  looked  at  so  that  the  bubble  and  the  centre  of  the 
re  are  in  a  line  with  the  eye,  to  be  one  inch  from  the  surface. 
is  its  true  distance  from  the  surface  ? 

14  A  small  air  bubble  at  the  centre  of  glass  sphere  is  seen  from 
a  point  outside  the  sphere.  What  is  the  apparent  position  of  the 
bubble?  Explain. 

A  brass  sphere  of  2  cm.  radius  is  surrounded  by  a  glass  shell 
of  6  cm.  external  radius.  What  is  the  apparent  thickness  of  this 
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REFRACTION  THROUGH  PRISMS  AND  LENSES. 


61.  THE  following  relations,  obtained  in  Chapter  VII.  of  the  text, 
may  again  be  noticed  :— 

1.  Prisms. 

=  sin  I  (D  +  A)  (1)  (Art.  50.) 

sin  i  A 
D  =  (ji  -  1)  A.  (2)  (Art.  50  ) 

This  formula  is  approximately  true  only  when  A  is  small,  and  is 
rigorously  true  only  when  A  is  infinitely  small.  It  should,  therefore, 
not  be  used  in  calculations  except  when  A  is  small;  for  example,  less 
than  10°. 

2.  Lenses. 

1  =  (fj.  -  1)  (-      1\         (3)  (Art.  57.) 

—  -..  (4)  (Art.  57.) 

v       u      J 

Image  _  v  ,_. 

ObjeTt-;? 

=     -f     .  (5a)  (Art.  60.) 

u  +  f 

In  the  above* formulas  all  distances  arc  measured  from  the  centre  of 
the  lens,  and  the  usual  sign  convention  is  adopted,  that  is,  distances 
measured  from  the  centre  of  the  lens,  in  a  direction  opposed  to  the 
incident  light  are  considered  positive,  and  distances  measured  in 
the  same  direction  as  the  incident  light  are  considered  negative. 
In  accordance  with  this  convention  the  focal  length  (/)  of  a  convex 
lens  will  be  negative,  and  that  of  a  concave  lens  positive. 

In  applying  the  formulae  the  rules  given  in  Art.  37  must  be 
attended  to.  Of  these  (1)  and  (2)  are  so  important,  and  their 
neglect  so  often  leads  to  mistakes,  that  we  shall  again  deal  with 
them  in  their  relation  to  the  formulae  here  considered. 

(1)  On  substituting  in  any  formula  a  numerical  value  for  any  of 
the  symbols,  the  sign  of  the  former  must  always  be  attached.  For 
example,  take  the  formula — 

1_  _  1  _  1 
v      u      f' 
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If  the  image  of  an  object,  placed  20  cm.  from  a  lens,  be  formed  at 
a  point  40  cm.  on  the  other  side  of  the  lens,  then,  to  find/,  we  have  — 

u  =  20,  v  =  -  40  ; 
and  1  1        1 


and  /=  -        =  -  13$  cm; 

that  is,  the  lens  is  convex,  and  its  focal  length  is  13$  cm. 

(2)  In  applying  a  formula  to  determine  one  of  the  involved  distances, 
no  sign  must  be  given  to  the  unknown  distance.  Thus,  in  the  example 
given  above,  no  sign  is  at  first  given  to/,  but  the  result,  when  worked 
out,  shows  it  to  be  negative. 

In  applying  formulae  (5)  and  (5a),  which  express  the  relative  size 
of  image  and  object,  the  question  of  sign  should  be  carefully  attended 
to,  for  the  interpretation  of  the  result  is  simple  and  important.  In 
these  formulae,  a  positive  result  indicates  that  the  image  is  virtual  and 
•erect  ;  for  the  image  and  object  are  then  on  the  same  side  of  the  lens. 
arly,  a  negative  result  indicates  that  the  image  is  real  and 
inverted,  the  image  and  object  being  then  on  opposite  sides  of  the 
lens.  (See  footnote,  Art.  59.) 


EXAMPLES  V. 

The  refracting  angle  of  a  prism  is  60°,  and  the  minimum  devia- 
tion produced  in  a  pencil  of  monochromatic  light  is  40°.     Find  the 
refractive  index  of  the  prism,  given  that  sin  50°  = 
:e,  applying— 

_  sin  HA  +  D) 

sin  i  A 

we  get—  sin  j  (60  +  40)  =  sin  50 

sin  4  sin  30' 

.  • .  p.  =  ___  =  1  • 

Kind  the  focal  length  of  a  double  concave  lens,  the  radii  of 
s  being  respect  i  i  50  cm.,  an«l  the 

i>eing  1-5. 
.  in  formula  (3)— 
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we  have,  supposing  the  light  to  be  incident  on  the  more  concave 
face — 

H  =  l'b,  r  =  25  cm.,  «=  —  50  cm. 

.    ->-<•- «<i>  A) 

=  i     A  =  JL 

2        f>0        100' 
.  • .    /  =  33£  cm. 

If  we  suppose  the  light  to  be  incident  on  the  other  face  we  get  the 
same  result ;  thus,  as  before — 

{JL  =  1-6,  r  =  50  cm.,  *  =  -  25  cm. 


3.  An  object  is  placed  12  inches  from  a  convex  lens  of  8  inches 
focal  length.     Find  the  position  and  nature  of  the  image. 
Here,  in  formula  (4), 

1  _  1  _  1 

v   u  r 

we  have— 

u  =  12  inches,  /=  -  8  inches  (convex  lens), 

and  v  is  required — 

.      1  _    1  1 

'    v       12        -  8' 

...    L=-  !  +  !  =  -  1 

v  8        12  24 

.  • .   v  =  —  24  inches  ; 

that  is,  the  image  is  24  inches  on  the  other  side  of  the  lens. 
Again,  applying  (5),  we  have — 

Image  _  v  -  2*  __  _  „  . 

Object  ~~  u          12~  : 

that  is,  the  image  is  twice  the  size  of  the  object,  and  is  real  a-nd 
inverted. 
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4.  An  object,  3  cm.  long,  is  placed  10  cm.  from  a  concave  lens  of 
20  rm.  focal  length.     Find  the  size  and  nature  of  the  image.     Here, 
from  (6a)  we  gf 

Image  _      /      _       20       _  2 
Object  ~~  it  +  f  ~  10  +  20  ~  3 ' 

.    Length  of  image  2 

3cm.  "  3' 

.  • .  Length  of  image  =  2  cm.,  and  the  image  is  virtual  and  erect. 

A  more  usual,  but  less  direct  method  of  working  this  question  is, 
first  to  determine  r,  and  then  to  determine  the  size  and  nature  of  the 
image  from  formula  (6). 

5.  A  concave  lens  whose  focal  length  is  12  inches  is  placed  on  the 
axis  of  a  concave  mirror  of  12  inches  radius  at  a  distance  of  6  inches 
from  the  mirror.    An  object  is  so  placed  that  light  from  it  passes 
through  the  lens,  is  reflected  from  the  mirror,  again  passes  through 
the  lens,  and  forms  an  inverted  image  coincident  with  the  object 
itself.    Where  must  the  object  be  placed  ?          Matrio.,  Jun, .  1  -  -;<. 

[In  problems  such  as  this,  where  by  reflexion  and  refraction  the 
image  of  the  object  is  made  to  coincide  with  the  object  itself,  the 
solution  is  easy  if  we  remember  that  rays  diverging  from  a  point  in 
the  object,  on  the  principal  axis,  return  to  the  same  point,  and  there- 
fore travel  to  and  fro  by  the  same  paths.  But,  if  a  ray,  after  reflexion 
at  a  mirror,  return  along  its  incident  path,  it  follows  that  it  must  be 
travelling  along  a,  normal  to  the  mirror.'] 

In  this  case  we  know  that,  after  the  first  refraction  through 
the  lens,  the  rays  of  the  refracted  pencil — originally  div 
from  a  point  in  the  object  on  the  principal  axis — are  normal 
to  the  mirror,  and  therefore  diverge  from  its  centre  of  curva- 
ture. To  find  the  position  of  the  object  we  have  therefore 
only  to  find  a  point  on  the  principal  axis  such,  that  i 

:  rom  this  point  appear,  after  refraction  through  the 
diverge  from  the  centre  of  curvature  of  the  mil 

Hence,  in  the  formula,  I  -  I  =  L  we  have— 
v      u      f 

V  =  6  infi  aches,  and  u  is  unknown, 

•.    '    -1=1. 

'••       u       12 

1  _  1  .1 

•  •  r/  -    " 

.».    M  =  12  in> 

That  1§.  the  object  must  be  placed  12  inches  fron  -  side 

rem  :  mirror. 
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6.  Find  the  focal  length  of  a  single  lens  that  is  optically  equiva- 
lent to  two  thin  lenses  in  contact,  and  of  focal  lengths  fl  and  /j, 
respectively. 

When  a  luminous  point  is  placed  on  the  principal  axis  of  a 
convex  lens  (A}  and  at  a  distance  a  from  it,  an  image  is  formed 
10  inches  from  the  lens  on  the  other  side.  If  a  second  lens  (11) 
is  placed  close  to  A,  the  image  is  15  inches  off.  Determine  the- 
focal  length  of  the  lens  If,  and  state  whether  it  is  concave  or 
convex.  Inter.  Sc.,  1885. 

Imagine  light  from  a  point  P,  at  a  distance  u  from  the  centre  of  the 
combination,*  to  be  incident  first  on  the  lens  of  focal  length  /,.  Then.. 
considering  the  action  of  this  lens  only,  the  focus  of  the  refracted 
pencil  will  be  at  a  point,  P',  at  a  distance  v'  from  the  lens,  such  that 
we  have  — 

1  _  1  _  1 

vr    u  ~/;  (i) 

But  this  refracted  pencil  passes  through  the  second  lens,  and  after 
doing  so  is  refracted  through  another  point  P",  at  a  distance  v  from. 
the  lens,  such  that  — 


The  combined  action  of  the  lenses  is  thus  to  cause  a  pencil  diverging 
from  P,  at  a  distance  u  from  the  centre,  to  be  refracted  through  P", 
at  a  distance  v  from  the  centre.  Therefore,  if  F  be  the  focal  length* 
of  the  combination,  we  have  — 

1  _  1  _  1 

v       u~F'  (3) 

But,  by  adding  (1)  and  (2)  we  get  — 

1       1  _  1        1 

5~*   7T*£  W 

Therefore,  from  (3)  and  (4)  we  get  — 

1   _  1        1 

7~/T  7," 


that  is,  a  single  lens  of  focal  length,   .    ^8 . ,  is  optically  equivalent 

A  +  /  2 


*  The  thickness  of  the  lenses  is  supposed  to  be  so  small,  compared 
with  the  other  distances  involved,  that  the  centre  of  the  combination* 
may  be  taken  at  any  point  in  their  combined  thickness. 


CALC'  87 

to  two    thin  lenses   in  contact,   and   of    focal  lengths  /t  and  /, 

i  vely. 

In  the  second  part  of  the  question,  the  action  of  the  lens  B  is  evi- 
dently to  cause  a  pencil  of  rays,  originally  converging  to  a  point  P, 
10  inches  behind  the  lenses  to  become  less  convergent,  and  to  converge 
to  a  point  1",  1.1  inches  behind  the  lenses.  Thus,  P  and  1 
conjugate  foci  with  respect  to  the  lens  B,  P'  being  the  image  of  P, 
and.  therefore,  in  the  formula, 

1        1  _  1 
*-«-?' 
we  have— 

v  =  —  10  inches,  »  =  —  15  inches,  and/  is  unknown, 

_!_  1       _  1_ 

ir.       -  10     /' 


.'./=30; 
that  is,  the  lens  is  concave,  and  its  focal  length  is  30  inches. 

-how  that  if  the  angle  of  a  prism  be  greater  than  twice  the 
critical  angle  for  the  medium  of  which  it  is  composed,  no  ray  can 
pass  through  it 

8.  The  angle  of  a  prism  is  60°,  and  the  refractive  index  of  iN 
material  V2.    Show  that  the  minimum  deviation  is  30°. 

9.  A  glass  prism  of  refracting  angle  5°  is  immersed  in  water  ;  find 

•  deviation  produced  in  a  ray  of  light  for  which  the 
absolute  refractive  indices  of  glass  and  water  are  respectively  { 
and  |. 

The  minimum  deviation  produced  by  a  hollow  prism,  r 
with  a  certain  liquid,  is  30°  ;  if  the  refracting  angle  of  the  pr 
60°,  what  is  the  index  of  refraction  of  the  liqui  •  : 

11.  Show  that  when  a  ray  of  light  is  refracted  through  a  prism,  in 
i»  perpendicular  to  the  line  bisecting  the  angle  of  the  prism. 

x  of  a  double  convex 
:  /ature  of  its  surfaces  were  measured  and  i 

Actively.    Its  focal  length  was  also 
M  1  to  be  30-5  cm.    Find  the  rit  !ex  of 
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13.  Find  the  focal  length  of  a  plano-etuvex  lens,  given  that  the 
radius  of  curvature  of  its  convex  surface  is  60  cm.,  and  that  the 
refractive  index  of  its  material  is  1  '6. 

14.  Prove  that  the  focal  length  of  a  plano-concave  glass  lens  is 
equal  to  twice  the  radius  of  the  concave  surface,     O  =  •!. ) 

15.  A  gas  flame  is  at  a  distance  of  6  ft.  from  a  wall.     Where  mnst 
a  convex  lens,  of  1  ft.  focal  length,  be  placed  in  order  to  give  a  dis- 
tinct image  of  the  flame  on  the  wall  ?    Explain  your  result. 

16.  An  object,  1  inch  long,  is  placed  at  a  distance  of  tft.  from  a 
convex  lens  of  10  inches  iooal  length  ;  find  the  nature  and  size  of 
the  image. 

17.  If  an  object,  10  cm.  from  a  convex  lens,  has  its  image  magnified 
4  times,  what  is  the  focal  length  of  the  lens  ? 

18.  An  object  is  at  a  distance  of  3  inches  from  a  convex  lens  of 
10  inches  focal  length.     Find  the  nature  and  position  of  the  image. 

19.  An  object  is  placed  6  inches  from  a  lens,  and  an  image,  3  times 
as  large,  is  seen  on  the  same  side  of  the  lens  as  the  object.     Find  the 
focal  length  of  the  lens. 

20.  A  convex  lens  of  10  inches  focal  length  is  combined  with  a 
concave  lens  of  6  inches  focal  length.    Find  the  focal  length  of  the 
combination. 

21.  Find  the  focal  length  of  a  lens  which  is  equivalent  to  two  thin 
convex  lenses  of  focal  lengths  20  cm.  and  30  cm.  placed  in  contact. 

22.  A  convex  lens  of  focal  length  12  cm.  is  placed  in  contact  with 
a  concave  lens,  and  the  focal  length  of  the  combination  is  found  to 
be  24  cm.     Calculate  the  focal  length  of  the  concave  lens. 

23.  A  convex  lens  of  6  inches  focal  length  is  used  to  read  the 
graduations  of   a   scale,  and  is   placed  so  as   to  magnify  them  3 
times ;  show  how  to  find  at  what  distance  from  the  scale  it  is  held, 
the  eye  being  close  up  to  the  lens. 

24.  The  image  formed  by  a  convex  lens  is  n  times  the  size  of 
the  object.     Show  that  the  distance  of  the  object  from  the  lens  is 
n  +  I  f 


25.  A  candle  flame  is  placed  6  inches  from  a  plane  mirror,  and  a 
convex  lens,  of  3  inches  focal  length,  is  placed  between  the  candle  and 
tbo  mirror,  and  2  inches  from  the  latter.    Find  the  position  of  the 
image. 

26.  A  candle  flame  is  placed  20  cm.  from  a  plane  mirror.     Find 
where  a  convex  lens  of  5  cm.  focal  length  must  be  placed  in  order 
that  the  image  of  the  flame  may  coincide  with  the  flame  itself. 
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27.  The  focal  length  of  a  lens  in  vacua  is  '2  feet.    The  refractive 
indices  of  glass  and  water  l>einsr  respectively  f  and  f ,  find  the  focal 
length  of  the  lens  when  placed  in  water. 

28.  Show  (by  application  of  formula  5a  above)  that  the  image 
formed  by  a  concave  lens  is  always  less  than  the  object. 


EXAMINATION  QUESTIONS. 
Qui  r  AT  LONDON  UNIVEBSITY  EXAMINATIONS. 

Matriculation. 

1.  Kxplain,  in  non-mathematical  language,  what  is  meant  by  the 
"  Index  of  Refraction  "  of  a  transparent  medium. 

Also  describe  the  phenomenon  known  as  "total  reflexion."  and 
show  how  its  occurrence  in  a  given  medium  is  connected  with  the 
index  of  refraction  of  that  medium.  June,  1871. 

2.  State  the  laws  of  the  Refraction  of  Light  by  such  substan< 
Water  or  Glass,  and  describe  and  explain  experiments  by  which  they 
can  be  demonstrated.  Jan.,  1872. 

If  a  candle  is  placed  at  a  distance  of  6  feet  from  a  wall,  and  a 

•ict  image  of  the  flame  is  produced  uj.on  the  wall  by  a  lens  held 

at  1  foot  from  the  candle,  show  that  a  distinct  image  will  also  be 

produced  when  the  lens  is  at  5  feet  from  the  candle,  and  compare 

the  sizes  of  the  two  images.  .l> 

\  beam  of  light,  on  passing  obliquely  from  air  into  water,  is 
bent  away  from  the  surface  of  the  water  ;  and  a  straight  stick,  with 
one  end  immersed  obliquely  in  water,  appears  to  be  bent  towards 
the  surface  of  the  water.  Show  that  these  are  illustrations  of  the 
same  law  of  Refraction.  Jan.,  1873. 

;n  how  to  draw  a  figure  to  represent  the  formation  of  a 

real  magnified  image  of  a  small  object  by  a  lens.     If  a  ivul  image 

five  times  as  high  as  the  object  is  to  be  thrown  on  a  screen  at  a 

distance  of  36  inches  from  the  object,  show  what  must  be  the  focal 

of  the  lens  employed.  Jbnf. 

\  beam  of  light  issues  from  a  given  bright  point  3  feet  above 
the  surface  of  still  water,  and  falling  obliquely  on  the  surface,  is 
divided  into  two  parts,  one  of  which  is  reflected  and 
refracted.  Find  the  position  of  the  point  of  incidence  and  it- 
distance  from  the  bright  point,  so  that  the  reflected  and  refracted 
beams  may  be  at  right  angles  to  each  • 

[The  is|.]          ./»/«<•,  ]*; 

tl  moved  from  a  considerable  distance  <>n  UK  prii: 
axis  of  a  convex  lens  up  to  the  Ic  the  correspond! i 

in  the  position  and  size  of  the  image. 
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8.  A  bright  point,  6  inches  above  the  surface  of  still  water,  is 
reflected  from  the  bottom  of  the  vessel,  which  is  2  feet  deep  as  well 
as  from  the  surface  of  the  water.     Show  how  to  find  the  positions  of 
the  images  formed  by  the  reflections,     (/t  =  $.)  Jan.,  1874. 

9.  Enunciate  by  aid  of  a  sketch,  and  in  two  statements,  the  law 
of  Refraction  when  light  passes  from  a  rarer  to  a  denser  medium. 
Also  point  out  what  is  meant  by  the  Critical  Angle.  Hid. 

10.  A  simple  lens  is  used  as  a  magnifier.      Sketch  the  relative 
positions  of  the  object  (an  arrow)  and  its  image. 

The  same  lens  is  used  as  in  photography.     Sketch  the  relative 
positions  of  the  object  and  its  image.  ll'ul. 

11.  Enunciate  completely,  by  aid  of  a  sketch,  the  law  of  Refrac- 
tion.    State  what  you  mean  by  the  Index  of  Refraction,  and  what 
by  the  Critical  Angle. — The  index  of  refraction  from  air  to  water  is 
£  :  what  is  the  sine  of  the  critical  angle  in  this  case  1    June,  1874. 

12.  Prove  that  the  apparent  depth  of  a  luminous  object  beneath  a 
surface  of  water  is  only  |ths  of  its  real  depth. 

[The  index  of  refraction  for  water  is  $.]  June,  1875. 

13.  When  an  object  is  to  be  photographed,  an  image  of  it  is  first 
obtained  on  a  ground-glass  screen,  by  means  of  the  lens  of  the  camera. 
Describe  the  nature  and   position  of  this  image,   and  explain  its 
formation.  Ibid. 

14.  Explain  "  Angle  of  Reflexion,"  "Angle  of  Refraction,"  "  Critical 
Angle."     Is  there   any   displacement  of  an  object  which   is  seen 
through  a  sheet  of  plate  glass  ?     Give  reasons,  aided  by  a  diagram, 
for  your  reply.  Jan.,  1876. 

15.  Given  the  focal  length  of  a  convex  lens,  explain  generally  how 
it  is  possible  to  find  the  size  of  the  image  of  the  sun  which  such 
a  lens  will  give.     In  what  respect  will  this  image  be  altered  by 
diminishing  the  area  of  the  lens  without  altering  its  curvature  ? 

June,  1876. 

16.  A  ray  of  light  passes  from  air  into  glass,  the  refractive  index 
of  glass  with  regard  to  air  being  T5.     Given  the  angle  of  incidence 
at  the  common  surface,  draw  a  diagram  to  show  how  the  angle  of 
refraction  may  be  accurately  determined.  Ibid. 

17.  The  chief  focal  length  of  a  lens  is  12  inches  ;  how  far  must  I 
place  a  luminous  object  from  the  lens  in  order  to  obtain  an  image 
twice  as  large  every  way  as  the  object?  Jan.,  1877. 

18.  What  is  meant  by  a  "refractive    index"  of  a   substance? 
Explain  the  fact  that  an  aquarium  tank  appears  to  be  much  shallower 
(from  front  to  back)  than  it  really  is  ;  and  point  out  in  what  way 
the  difference  between  the  apparent  and  true  thickness  is  connected 
with  the  refractive  index  of  the  water  in  the  tank.          June.  1877. 
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19.  Describe  the  two  main  categories  under  which  lenses  may  be 
classified.  A  lens  of  water  is  enclosed  in  a  rectangular  envelope 
of  glass.  What  kind  of  lens  will  the  combination  form  ? 

June,  1877. 

If  the  refractive  index  of  a  ray  of  light  in  passing  from  air  to 

:  be  f,  and  in  passing  from  air  to  glass  f,   find,  by  aid  of  a 

diagram,  what  it  will  be  for  the  ray  when  passing  from  water  to 

Jan.,  1878. 

-1.  l.i_rht  proceeds  from  a  point  at  the  bottom  of  a  lake.  Make 
a  careful  drawing  of  the  pencil  of  rays  after  emergence  from  the 
water,  and  find  the  geometrical  focus  of  the  pencil.  Jan.,  1880. 

What  is  the  critical  angle  of  a  transparent  medium  ?  Describe 
what  a  fish  would  see  on  looking  towards  the  surface  of  the  water  in 
directions  differently  inclined  to  the  horizon,  and  illustrate  your 

[>tion  by  a  diagram.  /Mi, 

23.  What  is  the  focal  length  of  a  lens?  A  circle  an  inch  in 
diameter,  a  convex  lens  whose  focal  length  is  6  inches,  and  a  second 
lens  whose  focal  length  is  10  inches  are  placed  so  as  to  have  a 
common  axis.  The  distance  from  the  circle  to  the  first  lens  is 
ohes,  and  from  the  first  lens  to  the  second  36  inches.  What 
images  of  the  circle  will  be  formed,  where  will  they  be  situated, 
and  what  will  be  their  dimensions  ?  *  Jitm-,  1  - 

How  would  you  experimentally  verify  the  laws  of  Refraction  ? 
What  condition  is  necessary  in  order  that  a  ray  of  light  may  be 
able  to  emerge  from  the  plane  surface  of  a  refracting  medium  ? 

.  1881. 

U'hat  is  the  index  of  refraction  of  a  transparent  medium  ? 
at  is  the  position  of  minimum  deviation  for  a  prism  ?     Describe 
and  explain  the  appearance  presented  when  the  image  of  a  window 
is  looked  at  through  a  prism  with  its  edge  vertical.         Jan.,  1882. 

26.  Given  the  focal  length  of  a  lens,  show  how,  by  a  geometrical 

find  the  position  and  magnitu<i  :aage  of  an 

object  whose  distance  from  the  lens  is  given. 

An  object  whose  length  is  2  inches  is  placed  6  inches  in  front  of  a 

x  lens  whose  focal  length  is  4  inches.     What  ;  nh  of 

aguish  between  a  real  image  and  a  virtual  image.  Explain 
the  action  of  a  <  -  when  used  as  a  magnifying  glass.    1 

image  seen  by  the  eye  real  or  virtual  ? 

28.  Show                 ::nd  the  p<  -  size  of  the  virtual  image 

of  a  given  object,  formed  by  a  concave  lens  of  known  focal  length. 
A  concave  lens  whose  focal  length  is 

of  a  concave  m  f  r.  inches 
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from  the  mirror.  An  object  is  so  placed  that  light  from  it  passes 
through  the  lens,  is  reflected  from  the  mirror,  again  passes  through 
the  lens,  and  forms  an  inverted  image  coincident  with  the  object 
itself.  Where  must  the  object  be  placed  ?  June,  1883. 

29.  What  is  meant  by  the  statement  that  the  index  of  refraction 
of  water  is  |?     Watting  by  the  side  of  a  shallow  stream  of  clear 
water  of  uniform  depth,  the  gravelled  bottom  appeared  to  possess  a 
wave-motion,  the  trough  of  the  wave  being  always  vertically  beneath 
the  observer.     Explain  this  by  means  of  a  diagram.  7///W. 

30.  What  is  meant  by  the  statement  that  the  refractive  index  of 
water  is  1-333?     How  is  the  critical  angle  for  water  found?     An 
object  is  fixed  one  foot  above  the  surface  of  still  water  ;    show  how 
to  find  the  apparent  position  of  this  object,  as  seen  by  an  eye  two 
feet  vertically  under  it.  Jan.,  1884. 

31.  What  is  meant  by  saying  that  the  refractive  index  of  water 
with  respect  to  air  is  $  ? 

If  the  refractive  index  of  water  with  respect  to  oil  of  turpentine 
be  ^jy,  show  how  to  find  the  refractive  index  of  oil  of  turpentine  with 
respect  to  air.  Jan.,  1885. 

32.  What  is  meant  by  the  refractive  index  of  a  substance,  and  by 
total  internal  reflexion  ?      Describe  some  experiment  by  which  the 
phenomenon  of   total  internal  reflexion  may  be  produced  and  ob- 
served.    State  also  how  the  minimum  angle  of  incidence  at  which 
total  internal  reflexion  takes  place  may  be  determined. 

June,  IS 80. 

33.  An  object  3  inches  in  height  is  placed  at  a  distance  of  6  feet 
from  a  lens,  and  a  real  image  is  formed  at  a  distance  of  3  feet  from 
the  lens.     The  object  is  then  placed  1  foot  from  the  lens.    Where, 
and  of  what  height  will  the  image  be  1  June,  1887. 


EXAMINATION  QUESTIONS. 
Qn  i   A  i   [Aurora  UNIVERSITY  EXAMINATIONS. 

Matriculation. 

1.  What  is  meant  by  the  Focal  Length  of  a  Convex  Lens  ?  Show 
how  to  find  it  (1)  by  aid  of  the  sun,  (2)  by  an  artificial  tlame. 

June,  IS  71. 

An  arrow,  pointing  towards  the  observer,  is  seen  by  internal 
reflection  in  an  isosceles  right-angled  prism.  Explain  the  difference 
in,  and  give  a  sketch  of,  the  images  seen,  according  as  the  prism  is 
three-sided,  or  a  four-sided  Wollaston  prism.  Jan.,  1879. 

3.  What  is  the  focal  length  of  a  lens,  and  how  would  you  determine 
it  experimentally  ?  In  the  case  of  a  convex  lens,  if  the  object  be  as 
near  as  possible  to  the  image,  where  must  the  lens  be  ? 

Jan.,  1880. 


^how  by  a  drawing  how  you  would  employ  a  right-angled 
isosceles  glass  prism  to  l  end  a  beam  of  light  at  right  angles.  Will 
any  light  be  lost  at  the  hypotenuse  ?  State  fully  the  reasons  for 
your  answer. 

lain  the  formation  of  an  image  by  a  convex  mirror. 

1881. 

How  would  you  determine  the  focal  length  of  a  convex  len*  if 
sunlight  were  not  available  ?  Jan.,  1882. 

6.  What  is  the  centre  of  a  lens  ?    Under  what  circumstances  is 
the  centre  of  a  lens  midway  between  its  surfaces  .'     Two  equal 

laced  side  by  side  in  the  same  plane,  with  their  centres  3  inches 
.     Two  objects  of  the  same  si/  pe,  but  of  difY 

colours,  are  placed  b«  hind  the  lenses  at  a  distance  of  twi< 
length  from  each  lens,  ami  with  their  centres  G  inche-  line 

:ig  the  ecu;  ''ing  parallel  to  that  j-iini- 

s  of  the  lenses.     Huw  will  the  images  !>• 

will  be  sten  by  an  observer  situated  at  a  con-  o  in 

front  of  the  lenses  ?  ,/m,,.  \- 

7.  What  is  the  foca.  ^  ?     How  may  ti. 
of  a  concave  lens  be  d« 
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8.  A  candle  is  placed  at  a  fixed  distance  opposite  a  wall.     A  convex 
lens,  held  between  the  candle  and  the  wall,  throws  on  the  wall  a 
well-defined  magnified  image  of  the  candle  flame  when  it  is  1  foot 
from  the  candle,  and  a  well-defined  diminished  imanc  when  it  is  11  feet 
from  the  caudle.     Find  the  focal  length  of  the  lens.        Jan..  1  S 

9.  How  is  the  focal  length  of  a  convex  lens  best  determined  with- 
out the  aid  of  sunlight  1 

An  object  is  placed  8  inches  from  the  centre  of  a  convex  lens,  and 
its  image  is  found  24  inches  from  the  centre  on  the  other  side  of  the 
lens.  If  the  object  were  placed  4  inches  from  the  cent.-e  of  the  lens, 
where  would  the  image  be  1  June,  ISbu. 

Intermediate  Science. 

10.  A  small  object  is  placed  close  to  a  thick  plate-glass  mirror.  An 
•eye  near  the  mirror  observes  not  one  image  of  the  object  only,  but 
a  great  number.     Explain  the  formation  of  these.     Which  of  them 
is  the  brightest,  and  why  ?  1874. 

11.  A  small  gas  flame  is  placed  on  the  axis  of  a  lens  distant  from 
it  120  cm.      By  means  of  a  ground-glass  screen  an  inverted  image 
of  the  gas  flame  is  found  on  the  farther  side  of  the  lens  200  cm. 
from  it.    What  is  the  nature  of  the  lens,  and  what  is  its  focal  length  : 

Ibid. 

12.  Describe  the  method  by  which  Fizeau  investigated  the  Velocity 
of  Light.  1875. 

13.  Explain  the  method  of  obtaining  a  pure  spectrum.         Ibid. 

14.  Explain  how  to  determine  the  focal  length  of  a  convex  lens. 
If  an  object  at  a  distance  of  3  inches  from  a  lens  has  its  image 
magnified  three  times,  find  the  focal  length  of  the  lens.  1878. 

15.  What  is  meant  by  the  dispersive  power  of  a  prism  ?     Under 
what  conditions  is  it  possible  by  means  of  prisms  to  obtain  deviation 
of  a  beam  of  white  light  without  dispersion  ?     Hence  explain  the 
construction  of  an  achromatic  object  glass.  1882. 

16.  Describe  Foucault's  method  of  measuring  the  velocity  of  light 
by  means  of  a  rotating  mirror.     What  is  the  effect  of  introducing  a 
tube  of  water  (with  glass  ends)  between  the   rotating  and  fixed 
mirrors,  and  what  relation  is  there  between  the  velocity  of  light  in 
a  medium  and  its  refractive  index  ? 


17.  Explain  the  formation  of  the  prismatic  spectrum.  If  a  hori- 
zontal beam  of  sunlight  is  admitted  into  a  dark  room  through  a 
narrow  vertical  slit,  what  arrangement  of  apparatus  is  required  to 
throw  a  sharply  defined  spectrum  upon  a  screen  ?  Give  a  diagram. 

1886. 


Wednesday  June,  20,  1888  —  Afternoon,  2  to  5. 
HEAT  AND  LIGHT. 

F  r,  (  R.  T.  GI.AZEBROOK,  Esq.,  M.A.,  F.R.S. 

rs  I  Prof.  A.  W.  REINOLD,  M.A.,  F.R.S. 

1  .  If  3,000  cubic  inches  of  air  at  0°  C.  expand  by  1  1  cubic 
inches  for  each  degree  rise  of  temperature,  find  the  volume 
at  100°  of  a  quantity  of  air  which  at  50°  measures  100  cnbic 
inches,  the  pressure  being  supposed  to  undergo  no  change. 

Define  specific  heat  and  capacity  for  heat,  and  explain 
how  you  would  determine  the  specific  heat  of  oil. 

3.  Explain  the  statement  that  the  latent  heat  of  water 
is  80.  To  a  pound  of  ice  at  0°  are  communicated  100  units 
of  heat  (pound-degrees  Centigrade).  What  change  of 
temperature  does  the  ice  undergo,  and  in  what  way  is  its 
volume  altered  : 


1.   1  ).  M-ribe  an  experiment  to  illustrate  the  convection  of 
.    and   trace  the  processes  by  which  heat  is  conveyed 
through  a  hot-water  heating  apparatus  from  the  boiler-fire 
to  the  walls  of  a  room  heated  by  the  pipes. 

Describe  and  explain  some  method  of  determining 
the  velocity  of  light. 

6.  How  would  you  use  Rumford's  (shado\v)  photometer 
for  comparing  the  illuminating  powers  of  two  sources  of 
light  ?     State  clearly  the  principle  of  the  method. 

7.  A  bright  object,  4  inches  high,  is  placed  on  the  priu- 

is  of  a  concave    splu-riral  mirror,  at  a  distance  of 
iches  from  the  mirror.     Determine  the  position  and 
size  of  its  image,  the  focal   length  of  the  mirror  being 
6  inches. 

8.  'IK*  onrefnllv  \vliat  you 
would  see  in  looking  through  a  glass  prism  at  a  point  of 
light  in  a  dark  room.    Illustrate  you:  vith  a  figure. 


Wednesday,  January  16M,  1889.— Afternoon,  2  to  5. 
HEAT   AND   LIGHT. 

( Prof.  G.  F.  FITZGERALD,  M.A.,  F.R  S. 
rs  \  R.  T.  GLAZEBROOK,  Esq.,  M.A.,  F.R.S. 

1.  Explain  why  in  reading  a  barometer  it  is  necessary  to 
correct  the  reading  for  the  temperature  of  the  mercury. 
A  barometer  with  a  glass  scale  reads  755  mm.  at  18°  C. ; 
find   the  reading   at   0°  C.     The    apparent   coefficient   of 
expansion  of  mercury  in  glass  is  '000155,  and  the  coefficient 
of  linear  expansion  of  glass  is  '0000089. 

2.  What  is  the  law  connecting  the  change  of  pressure  of 
a  gas  at  constant  volume  with  the  change  in  its  temperature 
as  measured  by  a  mercury  thermometer  ?     Describe  experi- 
ments to  verify  this. 

3.  How  would  you  distinguish  between  vaporisation  and 
ebullition  ?     Does  the  boiling  point  of  a  liquid  depend  on 
the  pressure  on  its  surface  ?     Illustrate  your  answer  with 
an  experiment. 

4.  Calculate  the  temperatures  Centigrade  corresponding 
to  100°  F.,— 40°  F.,  0°  F.,  98°  F. 

5.  If  a  small  hole  be  made  in  the  shutter  of  a  darkened 
room  an  inverted  image  of  objects  outside  is  formed  on  a 
screen  placed  within  the  room.     Explain  this. 

6.  Distinguish  between  a  real  and  a  virtual  image  formed 
by  optical  means.     A  candle  is  placed  in  front  of  a  piece  of 
flat  glass,  and  on  looking  into  the  glass  an  image  of  the 
candle  is  seen ;  show  how  to  determine  the  position  of  this 
image.     Is  it  real  or  virtual  ? 

7.  A  person  looks  at  an  object  through  a  concave  lens  of 
1  foot  focal  length,  the  object  being  5  feet  beyond  the  lens. 
Draw  a  figure  showing  the  paths  of  the  rays  by  which  he 
sees  the  image  formed,  and  determine  its  position. 

8.-  Describe  how  to  produce  a  pure  spectrum. 


Wednesday,  June  12th,  1889— Afternoon,  2  to  5. 
HEAT  AND  LIGHT. 

C  K.  T.  GLAZEBROOK,  Esq.,  M.A.,  F.R.S. 
rs  I  Prof.  G.  F.  FITZGERALD,  M.A.,  F.R.S. 

1.  Describe  an  experiment  for  showing  that  the  volume 
of  a  gas  at  constant  pressure  increases  by  approximately 
vf-yrd  of  its  volume  at  0°  C.  for  each  rise  of  1°  C.  of  tem- 
perature. The  volume  of  a  mass  of  gas  at  a  pressure  of 
half  an  atmosphere  and  temperature  15°  C.  is  150  c.c. : 
find  the  volume  when  the  temperature  is  303°  C.  and  the 
pressure  one  atmosphere. 

Distinguish  between  capacity  for  heat  and  specific  heat; 
and  describe  some  method  of  measuring  the  specific  heat 
of  a  metal. 

3.  Distinguish  between  a  vapour  and  a  gas.     "What  is 
meant  by  the  dew-point,  and  how  may  it  be  found  ? 

4.  Describe  an  experiment  by  which  you  would  show 
that  ice  r  when  it  melts,  and  that  the  resultant 
water  goes  on  contracting  if  it  be  warmed. 

5.  Explain  how  observations  on  Jupiter's  satellites  lead 
to  a  determination  of  the  velocity  of  light.    What  data  are 
necessary  in  order  to  make  the  calculation  ? 

A  lens  of  focal  length  of  one  foot  is  placed  at  dis- 
tances (a)  of  three  feet,  and  (o)  of  six  inches,  from  an 
object  two  inches  long.  Draw  figures  showing  the  paths 
of  rays  of  light  from  each  extremity  of  the  object,  and  find 
the  position  and  size  of  the  images  formed  in  the  two  cases 
respectively. 

7.  Explain  clearly  why  a  narrow  slit,  a  prism,  and  at 
least  one  lens  are  required  in  order  to  form  a  pure  spectrum 
on  a  screen. 

8.  A  circular  uniform  source  of  light,   two  iiu-lu-s    in 
diameter,  is  placed  at  a  distance  of  ten  feet  from  a  sphere 
two  inches   in   diameter.     Calculate,  approximately,  the 
diameters  of  tin-  uml>ra  and  j»enuml«r..  a  screen 

et  beyond  the  spl 
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MATRICULATION  EXAMINATION. 

Wednesday,  January  Ibth,  1890. — Afternoon,  2  to  5. 
HEAT  AND   LIGHT. 

f  Prof.  G.  T.  FITZGERALD,  M.A.,  F.R.S. 
's  I R.  T.  GLAZEBROOK,  Esq.,  M. A,  F.R.S. 

1.  Describe  how  to  measure  the  apparent  coefficient  of 
•expansion  of  a  liquid  by  means  of  a  weight  thermometer. 

2.  Define  specific  heat.     How  would  you  determine  the 
specific  heat  of  alcohol  ? 

3.  Describe  how  maximum  and  minimum  thermometers 
are  constructed,  and  how  they  are  to  be  used. 

4.  Describe  how  the  heating  of  buildings,  (a)  by  hot 
water-pipes,   (6)   by  steam,   depends   on  convection    and 
•conduction  of  heat,  specific  heat,  and  latent  heat. 

5.  Describe  how  to  measure  the  relative  intensities  of 
two  sources  of  light  by  the  shadow  photometer. 

6.  A   concave   mirror  of  2  feet  focal  length  is  placed 
1  foot  from,  an  object ;  find  the  change  in  the  position  of 
the  imaee  produced  by  moving  the  object  1  inch  nearer 
the  mirror. 

7.  Draw    a   diagram   explaining   the  formation   of   an 
image  of  a  given  object  by  a  concave  lens.      Can  such  an 
image  be  made  larger  than  the  object  ?     Give  reasons  for 
your  answer. 

8.  How  would  you  show,  experimentally,  that  a  ray  of 
light  is   deviated  by  passing  through  a  prism,  and  how 
^would  yon  measure  the  deviation  ? 


MATRICULATION   EXAMINATION. 
Wednesday,  June  llth,  1890.— J/fernoon,  2  to  5. 

HEAT   AND   LIGHT. 
(  Prof.  G.  F.  FITZGERALD,  M.A.,  F.R.S. 
8  |R.  T.   GLAZEBROOK,  Esq.,  M.A.,  F.R.S. 

1.  Describe  some  experiment  to  prove  that   iron  and 
brass  expand  differently  when  heated.     How  is  this  fact 
made  nse  of  in  a  gridiron  pendulum  ? 

2.  Define  specific  heat  and  latent  heat,  and  show  how  to 
find  the  latent  heat  of  fusion  of  ice. 

3.  What   experiments  are  required  to  prove   Dalton's 
law  as  to  the  pressure  of  vapours  and  gases  ?     Enough 
water  is  placed  in  a  closed  vessel  to  saturate  the  air  it 
contains  at  15°,  and  the  pressure  of  the  dry  air  in  the 

t-1  at  0°  is  760  m.m.     Find  the  pressure  at  25°.     The 
saturating  pressure  of  vapour  at  15°  is  IG'l  m.m. 

4.  One  end  of  each  of  two  equal  rods,  the  one  of  iron, 
the  other  of  bismuth,  is  fastened  to  the  outside  of  a  metal 
box,  and  the  rods  are  thinly  coated  with  wax.     Describe 
and  account  for  the  changes  which  take  place  over  the 
surface  of  the  rods  when  hot  oil  is  poured  into  the  box. 

5.  What  do  you  mean  by  the  intensity  of  the  illumina- 
tion at  a  point,  and  how  would  you  show,  experimentally, 
that   it   is   inversely  proportional   to  the  square  of   the 

mce  of  the  point  from  the  source  ? 

6.  Light  falls  at  a  given  angle  on  a  plane  refracting 
surface,  for  which  the  refractive  index  is  5/4.     Show,  by  a 
geor:  construction,  drawn,  as  well  as  you  can,  to 
scale,  how  to  find  the  direction  of  the  refracted  ray. 

7.  A  short-sighted  person,  who  can  see  most  distinctlv 
at  a  distance  of  6  inches  from  his  eye,  wishes  to  see  an 
object  5  feet  off.     What  sort  of  a  lens  should  he  use,  and 

t  must  be  its  focal  length?     Illustrate  your  an.- 
a  figure. 

8.  A  spectrum  of  the  light  from  a  slit  is  formed  by  a 
prism  in  a  position  of  minimum  deviation,  the  distances 
between  the  slit  and  prism,  and  prism  and  sen  < 

each  4  feet.    A  c>  us  of  2  feet  foc.-il  K-n-th  i>  I 

inti(  (»>e  uji  to  the  prism.     How  is  the  tsj  act  rum 

altered  ?     Draw  figures  to  illustrate  the  two  cases, 
in  each    the  path  of  the  light. 


ANSWERS. 


HEAT. 

EXAMPLES  I. 

4.— (1)  -94°F.  ;  -56°R.  (6)  20°  C. ;  16°R. 

(2)  214°  C.  ;  19-5°  R.  (7)  80°  C.  ;  176°  F. 

(3)  _30°C.  ;  -22°F. 

(4)  32°  F.  ;  0°  R. 

(5)  10°  C. ;  8°  R. 


(8)  197-6°F.  ;  73'6°  R. 

(9)  -10°C.  ;   -8°R. 
(10)  62-5°  C.  :  144-o°F. 


1.  1-000089. 

2.  1. 

3.  1-0007  ;  999961. 


8.  -03  cm. 

9.  72  -2  cms. 

11.  30-77°  C. 

12.  -000013. 

13.  -000018  :  2-31. 

15.  124-94°  C. 

16.  100-008  cms. 

17.  -0012V. 


EXAMPLES  II. 

4.  -999975  ;  1-0018. 

5.  1-00012:  1-00032. 

6.  100-084  ;  99-984. 

EXAMPLES  III. 

18.  -000025.; 
99-85  ; 
99-75. 

19.  -000007224  (nearly). 

20.  V(l  +  30  tf  +  100  c'). 

(30c  +  100  c') 
130  (1  +  30  O' 


EXAMPLES  IV. 


4. 


=  •9832. 


5.  (1+cf)',  (1  -c'T). 

6.  10-1476  grams. 

7.  -•  00003225. 


9.  193 -869  grams. 
10.  386-25°  C.  (nearly).     [Work 
by  formula  1,  Art.  24.] 


in:  AT. 
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11.  -000017. 

12.  -  -000032496  (nearly). 

•000433277. 

•00010908. 
IS.  -000182. 
14        't  grams  [<•«  -  -000458]. 

15.  -000185. 

16.  KO0  C. 


EXAMPLES  v. 

17.  -000029. 

18.  so  c.c.  ; 
81*88 

•000174  (nearly). 

19.  764  -9462  cm.  [<>  -  -0001 81 5]. 

20.  -00002783. 

21.  1  +  5 


8    "D03821. 
9.  0-003682. 
10.   1 


12. 


T/  p 


,  T,V. 


13      r- 273-68. 


1  +  A 

[PLBB   VI. 

14.  19°C. 

15.  76-23  cm. 

16.  22-79  c.c. 

17.  -0841  gram. 

18.  1-00428  (nearly). 

19.  313°C. 

20.  273°  C. 

21.  :t:5-:r>  atmospheres. 

22.  -4:,9-4°F. 


EXAMINATION  QUESTIONS  (page  26). 

Matriculation. 

8.  534-16  c.c.  15.  -185  cub.  ft.  (nearly). 

3.   1 5i  ••:,31  cub.  in.  16.  1-54  c.c. 

12.  r,4-l°C.  17.  846-2  cub.  in.  :  :>77-i  cub.  in 

Intermediate  Science. 
19.   1-0543  kilogrami i  31.  -3432  gram  incr 

23.  98-6°  C.  (nearly).  33.  195:112  (assuming  g  to  be 

24.  29-4 :> 7  in.  constant). 
28.   MMKI-J.V 


8    0811. 

9.  25-80°;  1H2  grams. 
10.  n-l',79  grams. 

11  -458. 

12  <)903  (nearly). 
13.    »,i 

L'l    . 


EXAMPLES  vil. 

15.  745-3°. 

16.  77-29°  (nearly). 

17.  1  :  : 
MQrY  +W) 


+  m*t 


'      M  (J  -i-  <")  +  m» 

19.  :.2  •:<:{'  (nearly). 

20.  :MI. 
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ANSWERS. 


EXAMPLES  VIII. 
4.  95-58  pound-degrees.  8.  -1108. 


5.  -3-6°C. 

6.  -9047. 

7.  79-561. 


9.  -0334. 
10.  -9167. 


EXAMPLES  IX. 


4.  1 117-04  c.c. 

5.  -0242  c.c. 

6.  4-098. 

7.  17-391  mm.  ;  382-609  mm. 

9.  It,  =  -2116  (taking  the  hour 

as  unit  of  time). 
•8224  grams  per  hour. 

10.  674764-76  dynes  per  sq.  cm. 

11.  966-6  ;  144. 


13.  72-75  grams. 

14.  5G4-98. 

15.  65-3°  C. 

16.  2900  grams 

17.  90-34"  C. 

18.  2024  gram-degrees. 

19.  35-ll°C. 

20.  1-9781  grams. 


2.  1:715-25. 

5.  -092. 

6.  320°  C. 

8.  -1098  (nearly). 

10.  5-66  Ibs. 

13.  12-5°  (nearly). 

15.  44-4  gram-degrees. 

16.  495-3. 

17.  25:2;  l'85i°C. 


EXAMINATION  QUESTIONS  (page  43). 
Matriculation. 

18.  -0329. 

19.  31-85°. 

20.  -932. 
23,  79-705. 

25.  28-923°. 

26.  80. 

28.  47-5   gram-degrees  ;    59-375- 
grams. 


EXAMPLES  X. 

8.  -0166  gram. 

9.  46  per  cent. ;  -0079  gram. 
10.  12-366  grams. 


4.  1-205  grams. 

5.  -5 -2°  C. 

6.  10-1°  C.  ;  77-1  per  cent. 

7.  p  =  72-76  per  cent. 

EXAMPLES  XL 

5.  -0384.  9.  -00013. 

6.  12,000,000  gram-degrees.  10.  1800. 

7.  125-28  gram-degrees.  11.  -192  (nearly). 

8.  4,312,500  gram-degrees.  12.  -0672. 
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EXAMINATION  QUESTIONS  (page  54). 

Intermediate  Science. 
.'.  percent.  15.  90-7  c.c. 

KXAMPI.ES  XII. 
5.  '084.  8.  I'.WW'Sivntimct re-gram*,  or 


6.  96-65. 

7.  5  '7  per  cent. 


•frmmt. 

10.  -1683  ;  -2373. 


LIGHT. 

Kx.VMi'i.: 

7.  100  cm.  ;  20  cm. 

8.  Diameter  of  umbra  =  <>-71  cm. 
Diameter  of  penumbra  =  8-904  era. 

9.  -00894  sq.  cm.  (nearly)  ;  A'B'  =  13-:*  cm. 

10.  3  :  4. 

11.  I,,  :  I,;  :  If  ::  3v^3  :8  :8. 

12.  a*  :  &2. 

13.  Ol'O2  :(201)2. 

14.  80  cm.  from  less  intense  light. 

15.  (a)  Screen  between  the  lamps,  2§  ft.  from   16-powor   lamp. 
)  Screen  outside  lamps,  24  ft.  beyond  16-power  lamp. 

MI'I.ES   II. 

4.   12  in..  24  in..  :$•'•  in.  ;   12  in..  12  in. 


S    III. 

7.  (1)  Distance  >  12  :  (2)  distance  <  12. 

8.  l 

9     I  ' 

10.  12. 

11.  -025  in.  ;  '.»  in. 
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ANSM  : 


12.  /•  =  5$  ft. ;  mirror  13£  ft.  from  wall. 

13.  :^  iu.  behind;  f. 

14.  2  ft.  real  image.  1  ft.  virtual. 

15.  Real  image,  size  £  object. 

17.  „,  virtual,'-  behind. 
&  JL 

18.  7-5.  30  cm.  from  mirror. 

20.  2  \/8  from  plane  mirror. 

EXAMINATION  QUESTIONS  (page  76). 

9.  Real,  and  one-third  as  large  as  the  object;    1  ft.  from  the 
mirror ;  inverted. 

16.  Gin. 

19.  1  ft.  from  the  mirror  ;  inverted  ;  three  times  as  large  ;  at  the 
centre  of  curvature. 

21.  Object  3  in.  in  front  of  mirror  ;  image  1$  in.  behind  the  mirror. 
26.  Between  candle  and  gas  flame,  2  ft.  from  former  and  0  ft. 

from  latter  ;  or,  on  the  line  passing  through  the  lights,  4  ft.  from  the 
candle  and  12  ft.  from  the  gas  flame. 


5.   1 ;  nearer. 

7 
8.  1-68. 

10. 


EXAMPLES  IV. 

11.  4-38. 

12.  225563909-8. 

13.  1-2. 
15.  2|. 


EXAMPLES  V. 


9.  -625°. 
10.  -v/2. 

12.  1-6. 

13.  -83$. 

15.  3  ±  -v/3. 

16.  Real;  5  in. 

17.  If  image  is  real,/=  8  cm. 
„       „      „  virtual,/  =13$ 

cm. 

18.  Virtual,  y>  object ;  4f.  ' 


19.  9  in. 

20.  15  in. 

21.  -12. 

22.  24. 

23.  4. 

25.  10  in.  in  front  of    plane 

mirror. 

26.  10  \/2  from  mirror. 

27.  2-25. 
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EXAMINATION  QUESTIONS  (page  89). 

3.    IT.  :1. 

5.  :.  in. 

6.  "•  in.  from  the  bright  point. 

8.  The  images  formed  are  6  in.  and  8{  in.  below  the  surface  of 
the  water. 

»•!• 

17.  1  ^  in.     (To  obtain  a  real  image  with  a  convex  lens.) 

-I- 

23.  First  image  8f  in.  from  first  lens  ;  diameter  \  in.      Second 
image  15|f  in.  from  second  lens  ;  diameter  \\  in. 
26.  4  in. 

28.  See  Ex.  V.  5. 
31.  1-48. 
33.  2  ft.  from  lens  on  the  same  side  as  the  object ;  6  in.  hiirh. 

I:\AMINATION  QUESTIONS  (page  93). 

8.  11  in. 

9.  On  the  same  side  as  the  object  and  12  in.  from  the  centre. 
11.  <  'oiivi-x  :  7">  cm. 

14.  2J  in.  or  4$  in. 

EXAMINATION  PAPERS  :  APPENDIX. 
.//////-.  1S88. 

1.  V100  =  ff  X  100  cub.  in. 

2.  Arts.  38,  39,  40. 

3.  Arta.  49,  60  ;  20°  C.  ;  Art.  52  (2). 
4    A 

5.   Art*.  71 
t.  12. 

7.  Between  object  and  mirror,  at  a  distance  of  10  in. 
mirror  ;  2'i  in. 

8.  Axta.68 

.In  „  | 

nun.  5.  Alt.    I. 

2.   A  6.  \  Jl. 

7.  Id  in.  from  Inn. 

;    -17j°  8.  A 

H .  4  1     i' 
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ANSWERS. 
June,  1889. 


1.  Art  32  (ii)  ;  150  c.c. 

2.  Arts.  38,  39,  40. 

3.  Arts.  55,  76. 

4.  Arts.  29,  52  (2). 

6.  Art.  72. 

f(a)  1$  ft.  on  the  other  side  of  the  lens ;  image  $  size  of  the 

object. 

)  1  ft.  from  the  lens  on  the  same  side  ;  image  twice  size  of 
the  object. 

7.  Art.  65. 

8.  Umbra  =  2  in. ;  penumbra  =  4  in. 


1.  Art,  27  (1). 

2.  Arts.  39,  40. 

3.  Art.  11. 

4.  Art.  93. 


1.  Arts.  19,  20. 

2.  Art.  39,  50,  68. 

3.  Art.  56  ;  846-2  mm. 

4.  Art.  86. 


January,  1890. 

5.  Art.  12. 

6.  TV  in. 

7.  Art.  58  (fig.  69)  ;  Art.  57. 

8.  Art.  81. 

June,  1890. 

5.  Arts.  8,  9,  12. 

6.  Art.  39. 

7.  Art.  61  ;  concave,  6|  in. 

8.  Art.  65. 
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.—No.  VII 1.,  June,  1890. 

CO.NTK.NTS  :  Hints — Regulations  —  Advice  on  Text-Books  suit- 
able for  Private  Students  (including  the  Special  Subjects)— The 
Examination  Papers  set  June,  1890. 
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panied by  a  stamped  addressed  envelope,  rec- 
prompt  attention. 


Orders  received  by  post  are  executed  by  return. 


PUBLISHED  BY  W.  B.  CLIVE  &  CO.,  BOOKSELLERS  ROW,  STRAND. 

ZCbc  Cutorial  Scries.-  Matriculation. 

MATRICULATION     DIRECTORY,      with     FULL     AN- 
SWERS to  the  Examination  Papers. 

.  IB. 

:iimtion  Papers  set  Full  Solutions 

Examination  Pape 

r  .M.A. 

vc. 
A.  J.  and 

Final, 

;rg  Tni- 

. 

mat;  rsity. 

<;.  II.  BRYAN,  M 

II.  of 

W.H 
R.W. 

at  i 

vitha 

Matriculation   Directory. 

to   tho 

<•.'-. 

full  Answers),  Is. 
Six  Seta  of  Matriculation  Exam.  Papers. 

iv.»».    T*. 

Matriculation  Exam.  Papers  (in  all  suhji-cts). 

isi'n,  3d. 

*.*  :  atioim,  «U'I 

hM  been  printed  on  a  leaf  i-v  KM  If,  mi. I  inuy  limn  euily  be  torn  • 


PUBLISHED  BY  W.  B.  CLIVE  &,  CO.,  BOOKSELLERS  KOW.  STfiAKL. 

tEbe  tutorial  Scries—  flfratriculation. 

J  AM 

The   London    Latin    Grammar.     B>  md 

HAYK*!     3s.  6d. 

Latin  Accidence.     With  i.umtroii.-  '  *.     1;\  .!.  I: 

M.A.  ran;'..  ,,nd  Loud.,  and  U.  J.  II  \M  -.  M.A.  Lond.     2s.  6d. 

/••/• 

Latin  Syntax  and  Composition.  B\  .\  .  H.  A;,r,<  •.-  C..M  .  H.A.  (  >\on., 
amj  B.  J.HAYK-,  M.A.  Lou.;.  2s.6cT.  KF;V.  2s.  6d. 

London  Undergraduate  Unseens;  A  Reprint  of  all  the  Lutiii 
and  Greek  Falwagee  -  •:  ioi  Unprepared  Translation  at  Matricu- 
lation aud  Intermediate  Ai'ts,  together  with  schemes  for  reading 
in  oi'der  of  difficulty.  Is.  6d. 

Matriculation  Latin.    By  B.  J.  HAYKS,  M.A.  Lond.   Second  Edi- 

tion,  Enlarged.     Is.  6d. 

CosxEXTS:  Choice  of  Text-Books—  Plan  of  Study  for  IS  Weeks,  with   ." 
and  Hint*—  Matric.   Kxam.  Papc-r>  in  Latin  Grammar  from  issi  ti.  1889—  Illus- 
trative Sentences  for  Latin  Prose  —  Li>t  of  words  differing  in  meaning  according 
to  quantity—  Model  Solutions,  &e. 

rrench  Prose  Reader.     By   S.    BAHLEI    ai.ci   \V.  r.   M 

Lond.     Is.  6d. 

Matriculation  Mathematics.  By  a  Cambridge  Wrangler  uud  a 
Matbematical  Scholar.  Fourth  Edition.  Is.  6d. 

CONTEXTS  :    Hints—  (Jiioice  of  Text-Books—  Scheme  of  Study  for  18  Weeks- 
is  Test-Papers—  HH  Miscellaneous  Questions—  25ti  Selected  Examples—  An«  . 
Model  Solutions  to  5  Sets  of  Examination  Papers—  List  of  Euclid's  Propositions 
set  at  Matriculation  during  10  ye;n->. 

>l  Here  we  have  a  hook  which  will  save  the  candidate  for  Matriculation  n 
an  hour's  j)rolitlfss  inmd  and  doubtful  irixjpinK."—  Educational  Journal. 

"  NVill  no  doubt  serve  its  purpose  excellently."  —  Journal  of  Education. 

Elementary  Text-Book  of  Heat  and  Light.    13y  K.  \V.  IS  TE  \VAUT, 

B.Sc.  Loud.     3s.  6d. 

This  bojk  e.nbraces  t)ie  entire  Matriculation  Syllahu-,  :»mi  <-\  •]."() 

L)iajfrai!i>. 


Heat   and  Light   Problems,  with  nmm-ruu.s  Worked 

By  H.  \V.  STK\\AKI,  B.Sc.  Lend.      Is.  6d. 
Text-Book  of  Magnetism  and  Electricity,  emhn.ciag  -the  entire 

Matriculation    Syllabus,  with   uuaiet'         Di    ^riau.s.     By  11.  W. 

STEWART,  B.Sc.  Lond.  [// 

Text-Book  of  Chemistry.  don. 
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Matriculation  Greek    Papers  ;     A    i: 

' 

.  .i.  BAYES,  M..\  \V.  F.  MAS  In., 

cloth  gilt.  Is.  6d. 

Matriculation  Trench  Papers  ;  A  Reprint  of  the 
•n  French  i*et  at  Ma' 

: 

Is  Is.  6d. 

Matriculation  English  Language  Papers  :    A    i,  of  tie 

last  Tweut \-t\\o   Examination   !  'li  ^lodc'  . 

~  •     by  A.   J.    WY.VIT.   '  ;..,  and 

\V.  1-  ;  A.  I...M.1.     is.  -.  Is.  6d. 

Matriculation  English  History  Papers  :    A  Hrprint  of  the  last 
Tliirt\  -t\v.  •  Kxaniina'  'hat  of 

Ju-  \V.  F.M.VSOM,  H.A.l.uixl.     Is.  Is.  6d. 

Matriculation    Mechanics    Papers  :    The     last     Twenty 

I'u-KKs  si  .         •      :      .  iutious    to  June, 

1888,  and  n  Text-Books,  ai 

Addi-  Is  Is.  6d. 

•  school  examiiur 
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out  u'itho" 

Worked    Examples    in    Mechanics    and    Hydrostatics:     A 

:        ',.!.'!:     Mai  !  I 
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EnlaixNMl.     Is.  6d. 
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ZTbe  {Tutorial  Scries- Matriculation. 

SPECIAL   SUBJEC 


FOR    JANUARY,     189O. 

Ovid,  Metamorphoses,  Book  XI.      Edited    by  Class 

Honours   Graduate    of  Oxford  and  London. 

PART  I.  :    TEXT,  INTRODUCTION,  aud  NOTES.     Is.  6d. 

PA  RT   II.  :    Y(K  ABUI.AKIKS  in  order  of  the  Text,  with  TEST 

PAPERS.     6d.     Interteared,  9d. 
PART  III.  :  A  LITKUAI.  TRANSLATION.     Is. 
THE  TUREK  PARTS  COMPLETE.     2s.  6d. 

"  Mo^t  excellent  notes,  occupyinar  throe  thres  as  many  pmres  as  are  occupied 
by  the  poet's  lines."— School  Board  ' 

Ovid,  Tristia,   Book  III.     By    the    Editor  of  Ovid's    Metamor- 
phoses, XI. 

PART  I.:  TEXT,  INTRODUCTION,  and  NOTES.  Is.  6d. 
PART  II.  :    VOCABULARIES  in  order  of  the  Text,  with  TEST 
PAPERS.     6d.     Interleaved,  9d. 

PART  III. :  A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PARTS  COMPLETE.     2s.  6d. 

FOR  JUNE,  189O. 

Cicero,  De  Amicitia.     Edited  by  S.  MOSES,  M.A.  Oxon.  aud  B.A. 
Lond.,  and  G.  F.  H.  SYKES,  B.A.  Lond. 

PART  I. :  TEXT,  INTRODUCTION,  and  NOTES.     Is.  6d. 
PART  II.:    A  VOCABULARY  (in   order  of  the  Text),   with 
TEST  PAPERS.    Interleaved,  Is. 

PART   III.  :  A  LITERAL  TRANSLATION.     Is. 
THE  THBEE  PARTS  COMPLETE.     2s.  6d. 

Cicero,  Pro  Balbo.     Edited  by  S.  MOSES,   M.A.   Oxon.  and  B.A. 
Lond.,  and  (I.  F.  II.  SYKES,  B.A.  Loud. 

PARTI.:    TEXT,   INTRODUCTION,  and   NOTES.     Is.  6d. 
PART  II. :    A   VOCABULARY    (in   order  of  the  Text),  with 

TEST  PAPERS.     Interleaved,  Is. 
PART  III. :    A  LITERAL  TRANSLATION.     Is. 
THE  THREE  PARTS  COMPLETE.     2s.  6d. 
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Gbe  {Tutorial  Scries— Matriculation. 

SPECIAL   SUBJE< 


FOR    JANUARY,     1891. 

Horace,  Odes,  Book  I.  ti.  ALURUH,  I.. 

and  15.  .!.   H    VF-.   M    >     I 

1T.8.        IS.  6d. 

ULARY    (in  order  of  the  Text),  with 
Iiilerleave'1,  Is. 

:T  III.  :    A  LITERAL  1*. 

!'AKTS   i.\  Q  2s.  6d. 


Horace.  Odes,  Book  II.     Edited  bj  A.  11.  A;  i  HOPT,  B.A.  '  ' 
and  i  -      :  A     i.ond. 

Is.  6d. 
i  e  Text), 

•.»'«•  i.   Is. 

: 
2s.  6d. 

!:»rv  »nd  the 

FOR     JUNE,     1891. 

Livy,  Book  I. 

. 

res.      Is.  6d. 

,  Is. 

1«.  6u. 

3o.  6d. 

I 
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Gbc  {tutorial  Series— 3nter.  arts. 

INTERMEDIATE    ARTS    DIRECTORY,     with     PULL 
ANSWERS    to    the   Examination   Papers.      <  /' 

)     No.  II.,  1889. 
Is.  6d. 

CONTEXTS:  Introductory  Hints— University  Regulations- Advice 
on  :he  Choice  of  Text-Books  (including  Special  Subjects  for  1890) — 
Examination  Papers  set  July,  1881)— Full  Solutions  to  all  the 
above  Examination  Papers  (except  Special  Subjects  for  the  year)  by 
the  following  Tutors  of  University  Correspondence  College  :  — 
B.  J.  HAYES,  M.A.  Loud.,  First  in  First  Class  Honours  in  Classics  at 

Inter,  aud  Final  B.A.,  Gold  Medallist  in  Classics  ai  M.A. 
W. F.MASOM.B.  A. Lond., First  Class  Honours  in  Classics  at  B. A. .French 

and  English  Honours  at  Inter.,  2nd  in.  Honours  at  Matric.,  &c. 
A.  J.  WYATT,  M.A.  Loud.,  Head  of  the   M.A.   List  in   English   aud 

French,  Teacher's  Diploma,  etc. 
L.  J.  LHUISSIER,  B.A.  Loud.,  First  in  Honours  at  Inter,   and   Final, 

B.-es-Sc.,B.-es-L.  Paris,  also  of  Stuttgart  &  StrasburgUniversities. 
H.  E.  JUST,   B.A.   Lond.,   Double   Honours  in  French  and  German 

(1st  Class),  First  in  First  Class  Honours  at  Inter. 
W.  H.  Low,  M.A.  Lond.  (German  and  English).  V^  '? 
G.  H.  BRYAN,  M.A.,  Fifth  Wrangler,  First  Class,  First  Div.  in  Part  II., 

Smith's  Prizeman,  Fellow  of  St.  Peter's  College,  Cambridge. 
•'  Students  preparing  for  London  University  Degrees  are  recom- 
mended to  see  this  little  book,  which  is  full  of  that  particular  kind  of 
information  so  needful  to  those  about  to  undergo  examination.  The 
article  on  '  Suitable  Text  Books  for  Private  Students '  is  specially 
commendable." — Teachers'  Aid. 

"  The  '  Intermediate  Arts  Guide '  contains  an  excellent  selection  of 
Text  Books." — Practical  Teacher. 

"  A  really  useful  '  Intermediate  Arts  Guide,'  than  which  nothing 
can  be  better  for  the  private  student  who  intends  to  present  himself  at 
the  London  University  Examination  of  next  July." — School  Guardian. 
The  Intermediate  Arts  Directory  for  1888,  with  full  Answers  to  all  the 
Papers  (including  Special  Subject*  for  Hie  year),  price  2s.  6d.,  may  *till 
be  had.  ' 

Intermediate  Arts  Examination  Papers  (in  all  subjects),  18S9 
6d.     (ISbS  can  also  be  had.) 

[Published  a  iceek  after  each  Examination. 
The  Inter.  Art.i  E<am.  Papers  for  1886  and  1887  (icith  Answers  to 

hematical  Questions)  may  still  be  had,  price  Is. 

Intermediate  Arts  Book  Guide,  '•'mtuini'i--  Advi<-(>  to  Private 
Sfi'leiits  on  th<-  of  Tf.vi-lJooks  in  £3,  including 

the  Pres'  --or-j.     6d. 
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(Tutorial  Scries— 3ntcr.  Hrt*. 


Intermediate  Latin.  B.  J. 

2s.  6d. 

London  Undergraduate  Unseens.      \ 
• 

•  Ity.     Is.  6d. 
History  of  the  Reign  of  Augustus. 

.   .M.\.i  Is. 

Synopsis  of  Roman  History  '     Is.  6d. 

Latin    Honours    Exam.  Papers:    A      : 

lediate 
S 

3s.  6d. 
Intermediate  Greek.     Hy  B.  J.  B  uid  \V.   F. 

"^~r~        2n. 

Advanced  French  Reader.     3s.  6d. 

Intermediate    French    Examination    Papers.    l*-7". 

' 

Is.  6d. 
Notabilia    of  Anglo-Saxon   Grammar. 

Is.   Gd.          ':  ~  ~ 

Intermediate  Mathematics. 

2s.  Gd. 

,r.>t 


>ynopsis 


Coordinate  Geometry. 

Worked    Examples  in  Coordinate   Geometry  : 
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Gbc  tutorial  Series—  3ntcr.  arts,  1800. 

Vergil     Georgics  I.    and  II.      A    Vui.  \KLLA  in    (interleav, 

order  of  the  Text,  with  TEST  PAPERS.      Is. 
Vergil-  Georgics  I.  and  II.     A  TRANSLATION.     By  F.  P.  SHIP- 

HAM,  31.  A.  Loud.     Is.  6d. 

I»ivy—  Book  XXI.     Kditod  by  A.  H.  ALLCROFT,  B.A.  (  >\<  i  ...  and 
\\".  F.  MASOM,    B.A.  L..: 

PART   I.      IxniouivnoN,  TI.XT,  and  NOTES.     2s.  6d. 
PART   II.      A   VOCABULARY    (interleaved)   in  order  of  the 

Ti-\i.  with  TKST  PAPKUS.     Is. 
PART  III.     A  TRANSLATION.     2s. 
THE  THREE  PARTS  IN  ONI-:  VOL.     4s.  6d. 
"Concise  scholarly  notes  .....  The  kind  of  help   which 
invaluable.''—  •'  •*•' 


Sophocles  -  Antigone.     IMiu-d  by  A.    II.  ALLCROFT,  B.A.  Oxou., 
and  B.  J.  HAYES,  M.A.  Loud. 

PART    I.     INTRODUCTION.   TKXT,    and  NOTKS.     2s.  6d. 
PART  II.    A  VOCABULAKY  (interleaved)  in  order  of  the  Text, 

with  TEST  PAPERS.     Is. 
PART   III.     A  TRANSLATION.     2s. 
TIIK  THREE  PARTS  IN  ONK   v(»i,.     4s.  6d. 
History  of  England,  1660  to  171JL      By   C.  S.  I-'KAI.-KXSIDB, 

B.A.  Oxon.,  ami  W.  H.  Low,  M.A.  Loud.      2s.  6d. 
Synopsis    of  English  History,    166O  to    1714.     2s. 

History  of  English  Literature,   166O  to   1714.     By  W.  Ji. 

Low,  M.A.  Lond.     3s.  6d. 

Dryden.  —  Essay  on  Dramatic  Poesy.    2s.  With  NOTKS.  3s.  6d. 
Notes  on  Dryden's  Essay  on  Dramatic   Poesy.      By    W.   H. 

Low,  M.A.  Lond.     2s. 
Notes  on  Addison's  Essays  on  Milton.     By  W.  JI.  Low,  M.A. 

Lond.     2s. 
Intermediate  English,  1890.     (QUESTIONS  on  all  tL. 

Honours  subjects  set.     2s. 
Havelok  the  Pane.     A   dose  THA  \si.\rio\  inn.  Mi.dcm    KnyKsh, 

preceded   by  the   Addiii(.nal   NCH-.-   and  Corrections  issued  in 

i'i-oi.  litioii.     By  A.  J.  WYATT,  M.A.  Lond.     (For 

EONQUE?,  isoo.)    3s. 
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Vergil.     Aeneid  IX.  and  X.      I 
\    .'     • 

Is.  6d.  • 
Vergil.  -  Aeneid   IX.    and  X. 

Is. 
Vergil.— Aeneid  IX.  and  X.     A 

S*K*  M.A.     Is.  6d.  [Beady. 

Tacitus.     Annals,  I.     Edited  l>y 
C.  S.  F  iJ.A.  Oxon. 

PART  I.     [NTBODUCTION,  TEXT,  and  NOTES.     2s.  6d. 
:!T    II.       '  (inierlw-  f  the 

Is. 

I'Airr  is  ION.    2s. 

THE  THREE  r  4s.  6d. 

Herodotus,  VI.     I 

[Ready. 

I'  \  3s.  6d. 

PAH'!1   II.     .'  -leaved]   in   orci. 

Is. 
2s. 

5s.  6d. 

Hiatory  of  England.   1485  to   1580 

3s.  6d. 
Synopsis  of  English  History,  1485  to  1580.     Is 

History  of  English  Literature.  1485  to  1580. 

1    \.  LomT     3s.  6d. 
Shakespeare.     Henry  VIII 

W.  II.  F..nvf  M.A.  ComT     2s.  Ready. 

Intermediate  English,  1891.      QiM-Mion.*  OB  :.!'.  tiit-    Puss  and 

2s. 
Notes  on  Speuaer's  Shepherd's  Calender. 

2a. 
Ready 
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Gbc  tutorial  Scries—  B.H. 


THE  B.A.  DIRECTORY,  with  PULL  ANSWERS  to  the 

Examination    Papers. 

ion.)     No.    1.,  18811     2s. 

1  'UNTENTS  :    Introductory    Hints  —  University    1«.  ".filiations-  -A 
on  the  Choice  of  Text-Books  (including  Special  Subjects  I'm-  1*90)  — 
Examination  Papers  set  October,  1889  —  Pull  Solutions 
ihe  above  Examination  Papers  (except  Special  Subjects  for  the  Year) 
i>y  the  following  Tutors  of  University  Correspondence  College  :  — 
B.  J.  HAYES,  M.A.  Lond.,  First  in  First  Class  Honours  in  Clas^ 

Inter,  and  B.A.,  Gold  Medallist  in  Classics  at  M.A. 
W.  F.  MASOM.  B.A.  Lond.,   First  Class  Honours  in  <  H.A., 

French   and   English    Honours   at   Inter.,    2nd    in    Hon- 
Matri 
A.  H.  ALIAHOFT,   B.A.  <)x<m.,    First  Class   Honours  at  Moderations 

and  at  Final  Classical  Exam. 
A.  J.  WYATT,  M.A.  Lond.,   Head  of  the  M.A.  List  in  English  and 

French,  Teachers'  Diploma,  &<•. 

L.  J.  LHVISSIER,  B.A.  Lond.,   First  in  Honours  at  Inter,  and  Final, 
B.-es-Sc.,  B.-es-L.  Paris,  also  of  Stuttgart  and  Strasbui- 
versities. 

G.  H.   BKYAX,  M.A.,   Fifth  Wrangler,   First  Class,   First  Div.,  in 
Part   II.,   Smith's    Prizeman,    Fellow   of   *•  1.    Peter' 
Cambridge. 
R.  BRYANT,  D.Sc.  Lond.,  B.A.  Lond.,  Assistant  Examiner  in  Mathe- 

matics at  London  University. 
J.  "\VELTOX,    M.A.  Lond.,   First  of  his  year  in  Mental  and   M-sril 

uce,  bracketed  First  of  the  B.A.'s  at  Degree  Exam. 
"  Full  of  useful  hints."  —  School  (juard'nin. 

Model  Solutions  to  B.A.  Papers.  1888  (including  Special 
Subjects  for  the  Year),  by  Graduates  at  the  head  of  the  decree 
lists  in  each  department.  Second  di«l  <•!,•  .  2s.  Gd. 

"The  kind  of  book  a  student  should  have  by  his  *id«;  (luring  his  lait 

.ration  ....  Concise,  accurate,  and  complete."     Board  Tan-In,  •. 
"  It  is  the  first  time  we  have  seen  so  complete  a  sn  ni  answers  in 
and  readable  a  form."—  Practical  Teacher. 

B.A.  Examination  Papers  (in  all  Subjects),  1889.     6d. 
Read  •   Examination.     B.A. 

for  r> 

The  B.A.  Book  G-nide, 

theCl    '  •     >fT     •  -  1:  oka  in  ^bnlinir  the  Pre- 

6cl. 
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Che  {Tutorial  Series.  —  S5.H. 

B  A     Latin  Examination  Papers  . 
.    .  ^7  •       ISBHfp;         lingtl 

DB.     2s. 
B.A.  dreek  Examination  Papers  :  being  the  Q 

is71      1^S7  '.use  on 

Pi-  -.2s. 

London   B.A.  Unseens:  being  all  KS  get 

:<m    B.A.    Kxam.,    together    with 

2s. 
Higher  Greek  Extracts  ;    A 

2s.  6d.      i  II      2s.  6d. 

The   Early  Principate  :     \ 

.  .    \      1. 

2s.  Gel. 

Synopsis  of  Roman  History  !.    Is.  6d.  "//.  preparation. 

Synopsis   of  Roman   History.  Is.  6d. 

'     . 
Notabilia  of  Anglo-Saxon  Grammar.     I'.y   A.  I    v> 

Is.  6d. 

B.A.  French.     The 
:V-~-      ^7,      , 

2s. 

Advanced  Trench  Re.ader.     3s.  6d.  In  the  ;  •,->  s>. 

E.  A.  Mathematics  :   Questions  and  Solutions 


!'  .  . 
- 
uble  Book* 
B.A.  Mixed  Mathematics 

B      ,  • 

3s.  6d. 
2s. 

•  .  ., 
A  Manual  of  Logic 

B.A.  Mnutal  and  Moral  Science. 

~~^        ~~ 

2n. 
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{Tutorial  Series.— B.HM  1890. 

B.A.  Test  Papers  on  Special  Classics  for  189O.— The  AUTHORS 
and  Si'Ki  IAL  I'KK-KH.S  in  Latin  anil  Givek. 2s. 

Cicero.— De  Oratore.  Book  II.  A  TRANSLATION  by  a  'London 
GRADUATE  in  First  Class  Honours,  Translator  of  Sophocles' 
Electro,  and  Demosthenes'  Androtion.  3s. 

Vergil.     Aeixeid  IX.  aud  X.     Edited,  with    I.\;  and 

N..TI  s,  by  A.  H.  ALUKUFT,  B.A.  Oxon..  and   Ji.  ,1.    II 
Loud.     2  vols.,   Is.  6d.  each. 

Vergil.— Aeneid  VII.  -X.     A   TRANSLATION.     By  A.  A.    IRWIN 
NESBITT,  M.A.     2s. 
•  -lor  fail  to  materially  lighten  the  work  of  the  private  student."— Eiiuca- 

Synopsis   of  Roman  History,    A.D.  14—96,  with  short  Bio- 

srraphies  of  eminent  men,  and  a  History  of  the  Literature  of  the 

Period.     By  W.   F.  MASOM,  B.A.  Lond.,  and  A.  H.  ALLCEOFT, 

B.A.     Is. 
Aristophanes.— Plutus.     Expurgated   TEXT,  INTRODUCTION,    and 

XOTES.     By  M.  T.  QUINN,  M.A.  Lond.     3s.  6d. 
Aristophanes. — Plutus.     A  TRANSLATION  by  M.  T.  QITNN,  M.A. 

Lond.     2s. 
Aristophanes.— Plutus.     TEXT,  NOTES,     and     TRANSLATION     (/// 

-  ,<••  '•«/).     By  M.  T.  QUINN,  M.A.  Lond.     5s. 
"  Just  the  book  a  candidate  requires." — Educational  Tum  fj 
Thucydid.es.— Book  IV.     A  TRANSLATION.     By  G.  F.   H.  SYKES, 

B.A.   Lond.,  Assistant -Exa miner  in    Classics   at  Lond.    Univ. 

2s.  6d. 
A  Synopsis  of  Grecian  History,  B.C.  405—358,  with  short 

Kiot-rnphifs  of  the  chief  Writers  and  Statesmen  of  the  Period. 

Uy  W.  F.  MASOM,  B.A.  Lond.,  and  A.  H.  ALLCROFT,  B.A.       In. 

Dan  Michel.— A?;enbite  of  Inwit.  A  TRANSLATION  of  the 
more  difficult  passages  (including  the  whole  of  pp.  1 — 48),  by 
A.  J.  WYATT,  M.A.  Lond.  3s. 

The    Saxon    Chronicle,  from   800  to  1001  A.D.     A  TRANSLATION 

by  VV.  H.  Low,  M.A.  Lond.     3s. 
B.A.  "English  Examination  Questions  on  all  the  Pass  Subjects 

set  for  1890.     2s! 

18 
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3bc  ^Tutorial  Scries.— B.H.,  1891. 

B.A.   Latin  Notabilia    and  Test   Papers   for    1891. 

!:ioi>  of  History.     Is.  6d. 
B.A.  Greek  Test  Papers  for  1891.  tit 

is.  Gd. 
Cicero.     De  Finibus.  Book  I. 

3s.  6d. 

Cicero. — De  Finibua,  Book  I.  .     2s. 

Cicero.     De  Finibus,  Book  I.     1 

5s. 
Terence.     Adelphi.      \ 

2s. 
History  of  the  Reigns  of  Augustus  and  Tiberius 

l.oi, ,1.     2s.  6d. 
Synopsis    of    Roman    History. •  i       -     .     •  ".    n 

Is. 
Euripides.  —  Iphigenia     in     Tauris.        \     nutf*L4 

2s.  6d. 
Plato.     Phaetlo.      'i    •-.   .    i  \  •  • 


Plato.     Pliaedo  3s.  6d. 

History  of  Sicily.  : •  m  to 

3s.  6d. 

SynopsU     of    Sicilian     History.  i"i     LS  '.'. 

ALtri!..!  r,  I'.   \     and  W.  F.  MAS.IM.  B.A.  Lond.     IB.     ai*^ 
B.A.   Engliah  Examination.    Questions    o 

2s.  !  S'-" ••'":  - 
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tutorial  Scries— 3nter.  So.  ant>  flMvL  Sci. 

Inter.  Science  and  Prelim.  Sci.  Directory.  (P 

I  i     Xo.    I.,  Julv 

2s.  6d.  ' 

CONTENTS:   Iiitnxiu'-tiiry  Hints— Ailvir.-   on  ;'       •  i|  T>xt-book- 

University    Regulations  —  'I' hr  Examination    Papers   > .•;   Jt.i\.   h;>".    u;ili 
full  Solutions,  hy  Author* 

Science  Model  Answers:  being  Solutions  to  the  INTERMELUATK 

SCIKNVK  and    PKEI.IMI.NAKY  SCIENTIFIC  Examination    Papers  set 
July,  18S!».  ••'••.    2s.  6d 

.'.»/ — 

S.    RIUKAL,    D.Sc.    Lund.,    Gold    Medallist    in   (Mien 

Assistant  Examiner  to  the  Science   and  Art  I)e;ian- 
H.   M.   FKRXAXHO,   M.D.,    H.Sc.  Lond.,    First    CIuss  Honours   i 

subjects  and  four  Gold  M- 
K.  W.  STBWART,  M.Sc-.  Lond.,  First  in  First  Clssa  H«.i.'.urs  i; 

at  Inter.  8c.,  and  First  in  First  Class  Honours  in  Ph\  - 
W.  H.  THOMAS,  B.Sc.  Lond., First  in  First  Class  Honours  in  (' hen 
G.  H.  BRYAN,   M.A.,   Fifth  Wrangler  and   Smith's  Prizeman,    F 

of  St.  Peter's  College,  Cambridge. 
J.  H.  DIBB,  B.Sc.  Lond.,  Double  Honours,  Mathematics  and  Ph 

Text-Book  of  Heat,  covering  the  entire  Int.  Sc.  and   Prel.  Sci. 

Syllabus,  with    numerous    Dia^raKis   sind    I'ldeiilat  io:.s.      liv    H. 

W.  STKWART,  B.Sc.  Lond.     3s.  6d. 
Text-Book    of    Light    (uniform    with    the    7V <•/-/;.«,/,•    „/    £ 

By  K.  W.  STKWAKT,  15. Sc.  Lond.     3s.  6d. 
Science    Chemistry    Papers :    being   the    Questions  set   at    the 

London  Intermediate  Science  and  Preliminary  Scientific  ! 
nations  for   Twenty -one  years,  with  full  Answers  to  the  18S& 
Papers,  i:nd  Advice  as  to  Text-books,  by  W.  H.   THOMAS,  B.Sc. 
Lond.,  and  R.  W.  STEWART,  B.Sc.  Lond.     2s.  6d. 

Science  Physics  Papers  (uniform  with  the  above).     2s.  6d. 
Science  Biology  Papers ;  being  the  Questions  set  at  the  London 

Inter.  Sc.  and  Prelim.  Sci.  Exams,  for  Twelve  Years  (tl- 
bearing  on  the  present    Syllabus  being  denoted  liy  an  asl 
with  supplemen'ary  Questions  and  lull   Answers   to  tl..-    1  ssi* 
Paper,  by  H.  M.  FERNANDO,  M.D.,  B.Sc.  Lond.     2s.  6d. 

Analysis  of  a  Simple  Salt,  with  a  selection  of  model  Analyses. 
2s.  [In  the  : 

Intermediate  Mathematics.    (For  Inter.  Arts.  &  Sc.)     2s.  6d. 
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LATIN. 

Caesar.  -Gallic  War.  Book  VII. 

6d. ;  iui  9d. 

Cicero.  Pro  Clueutio.  M.A. 

2s. 
Cicero,  Pro  Cluentio.  vritl 

i,  la. 
Horace,  The  Epistles.     A  TK\N- 

•   1.     2s. 
Horace,  The  Epistles.  -lerofthe 

I,  la. 
Juvenal.     Satires   III..    X.,  XI.      A 

Medallist  ii>  Uia»:i>  at  London   M.A.      2s. 
Sallust.  -Catiline.      Y<><  ABI;LAKIKS    iu    order   of   the   9 

Gd. ;  interleaved,  9d. 
Vergil.     Aeneid,  Book  I.     V 

with  Ti  M   PAPE&S.     6d. ;  interleaved,  9d. 

. 
Vergil.     Aeneid,  Book  I.  It. 

Vergil.     Aeneid.  Book  II.     A  <  Is. 

Vergil.     Aeneid,  Book  IV.     A  <  Is. 

Vergil.     Aeneid.  Book  V.     VO.-AIH  I.AKIK-  ."  the  Text, 

wr  6d. ;  Interleaved,  9& 

Vergil.     Aeneid,  Book  V.    A  Literal  !  >.\.     1*. 

A  Synopsis  of  Roman  History,  63  B.C.      14  A.D.,  with  short 

•:.   .     .       •         •        •     '         '    w-  •    •  -      C   the    Pe       I  W.    K 

\.   Lund.      li. 

GREEK 

Aeschylus.     Agamemnon.     A 

2s. 

Demosthenes.     Androtion.       A    lttAN>;v; 

2«. 
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GREEK— 

Homer.— Iliad,  Book  VI.  ;.A.  Lond. 

:rf    I.:     TEXT,    INTRODUCTION. 

Appendix  on  the  Homeric  Dialect.     Is.  6d. 
PART  II.  :  VOCABULARIES  in  order  of  the  Text,   with  TEST 

PAPERS.     Interleaved,  Is. 
PART  III.  :  A  TRANSLATION.     Is. 
The  Three  Parts  complete.     2s.  6d. 

Homer,  Odyssey  XVII.     T*  XT,  INTRODUCTION,   and   NOTES.     By 
W.  F.  MASOM,  B.A.  Lond.     2s. 

Homer,  Odyssey    XVII.     A  THAN^T, vnox,  with  ;m  Appendix  on 
the  Homeric  Dialect.     2s. 

Homer,    Odyssey    XVII.    VOCABULARIES  in  order  of  the  Text, 
with  TEST  PAPEKS.     Interleaved,  Is. 

Homer,  Odyssey  XVTI.       Complete.      hit  rod  notion,    Text,   and 
Notes  —  Vocabularies  —  Test  Papers  —  :  i  —  Appendix. 

5s. 

Sophocles.— Electra.     A  TRANSLATION.     By  a  London  GRADUATE 
in  First  Class  Honours.     2s. 

Xenophon.— Cyropaedeia,  Book  I.   VOCABULARIES  in  order  of  the 
Text,  with  TEST  PAPERS.     9d.     Interleaved,  Is. 

Xenophon. — Cyropaedeia,  Book  V.     VOCABULARIES  in  order  of 
the  Text,  with  TEST  PAPERS.     Interleaved,  Is. 

Xenophon.— Oeconomicus.    A  TRANSLATION  by  B.  J.  HAYES,  M.A. 

Lond.     3s. 

"  This  translation  deserves  the  praise  of  painstaking  accuracy."— Practical 
Teacher. 

"Private  students  will  welcome  the   assistance  afforded  by  this  valuable 
addition  to  the  'Tutorial  Series.'"— Teachers'  Aid. 
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GREEK- -<•••><•'•''   "•  •' 

A  Synopsis  of  Grecian  History,  B.C.  382  —  338,  with  short 
Biographi'  \Vriu-i>  a:  en  of  the  Period. 

By  \\  :ul.     In. 

Teat-Papers   on    Classics.       CK-PIBO     PRO 

A.B8CHY1    -     A       '    ••  X    ES       ;    •-•'-   <  )ECONOMICU?  ;    ROMAN 

14:  GKE<  IAN  :  c.  382-338.      2n. 


ENGLISH. 

Alfred's  Orosius.     A    Li:. -a1  TRANSLATION  of  the  more  difficult 
passages.     2s.  6d. 

Glossaries  to  Alfred's  Orosius.     Is. 

Milton's  Sonnets.     With  nn  Introdnrtion  to   each    Sonnet,   and 
N 

tion   ot    the   >  uination   (./  By   W.    K. 

MASOM,  B.A.  Loud.     Is.  6d. 

be  a  great  1  r  tlu-  furtli- 

oomink-  London."— 

Education 

Questions  on  English  History  and  Literature.  1 

Jl    iiM  "     (lU,  ; 

Milt* 
Medi' 
(44).     2s. 

on    English   Literature. 

\  •    •  •  •  •       !.*,:.s         ••• '    .:     7  , 

;  lu-ni'.- 
L'riwcj  (160).     2s. 


TUTORS    OP 
UNIVERSITY  CORRESPONDENCE  COLLEGE. 

The  following-  Tutors   are    on  the  regular  staff  of  University 
Correspondence  College,  and  engage  in  no  other  teaching-;  — 

A.  J.   WYATT,   Esq.,   M.A.   Lond.,   First  of  his  year  in  Branch   IV. 

(English  and  French),  Teachers'  Diploma,  Early  English  Text 
Society's  Prizeman  ;  Author  of  Notes  on  the  Shepherd's  C« 

ilia  of  Anylo-Saxon  Grammar,  A   Translation  of  Hnvtlok  th9 

.  At&enbite  of  Inwit,  &r. 

B.  J.  HAYES,  Esq.,  M.A.  Lond.,  First  in  First  Class  Honours  in 

Classics  both  at  Inter,  and  B.A.,  Gold  Medallist  in  Classics  at 
M.A.  ;  Editor  of  Homer's  Iliad  71.  ;  Author  of  Matric.  Latin, 
Intermediate  Greek,  a  Translation  of  Xenophon's  Ofconomicus,  &c. 

G.  H.  BRYAN,  Esq.,  M.A.,  Fifth  Wrangler,  First  Class,  First Divisior , 
in  Part  II.,  Smith's  Prizeman,  Fellow  of  St.  Peter's  College, 
Cambridge  ;  Author  of  B.A.  Mathematics. 

Mons.  L.  J.  LHUISSIER,  B.A.  Lond.,  First  in  Honours  both  at 
Inter,  and  Final;  B.-es-Sc.  and  B.-es-L.  Paris;  also  of  Stuttgart 
and  Strasburg  Universities. 

J.  WELTON,  Esq.,  M.A.  Lond.,  First  of  his  year  in  Mental  and  Moral 
Science,  bracketed  equal  as  First  of  the  B.A.'s  at  Degree  Exam., 
Honours  in  French  at  B.A.  and  4th  of  twenty-seven  in  English 
Honours  at  Inter. 

R.  W.  STEWART,  Esq.,  B.Sc.  Lond.,  First  in  First  Class  Honours  in 
Chemistry  at  Inter.  Science,  and  First  in  First  Class  Honours  in 
Physics  at  B.Sc.  ;  Author  of  A  Text-Book  of  Heat  and  Light. 

C.  W.  C.  BARLOW,  Esq.,  M.A.,  Sixth  Wrangler,  First  Class,  First 

Div.,  in  Fart  II.  Math.  Tripos,  late  Scholar  of  St.  Peter's  College, 
Cambridge,  Mathematical  Honourman  of  London  University. 

W.  F.  MABOM,  Esq.,  B.A.  Lond.,  First  Class  Honours  (Classics)  at 
B.A.,  French  and  English  Honours  at  Enter.  Arts,  Second  in 
Honours  at  Matric.,  University  Exhibitioner;  Editor  of  Hero- 
dotus VI.  ;  Author  of  a  Translation  of  The  Epistles  of  Horace  ; 
Inter.  Latin  ;  Synopses  of  Roman  and  Grecian  History. 

H.  J.  MAIDMENT,  Esq.,  B.A.  Oxon.  and  Lond.,  First  Class  Honours. 

H.  H.  JOHNSON,  Esq.,  B.A.  Lond.,  First  Class  Honours,  University 
Prizeman  in  English;  Author  of  a  Glossary  to  Arlfric'*  Ht>n  Hies. 

W.  H.  THOMAS,  Esq.,  B.Sc.  Lond.,  First  in  First  Class  Honours  in 
Chemistry. 

J.  H.  DIBR,  Esq.,  B.Sc.  Lond.,  Double  Honours,  Mathematics  and 
Physics. 

R.C.B.'KERiN,  Esq., B.A. Lond. ,Firstin  First  Class  Honours  in  ClasHca. 

W.  H.  Low,  Esq.,  M.A.  Lond.  (German  and  English) ;  Author  of 
A  History  of  Enylixh  Literature,  A  Translation  of  the  Saxon 
Chronicle,  Notes  on  Dryderi*  s  Essay  on  Dramatic  Poesy,  Xotea  on 
Addison's  Essays  on  Milton,  &c. 

C.  S.  FEAREXSIDE,  Esq.,  B.A.  Oxon.,  Honourman  in  Mod.  History  and 
Classics  (1st  Class) ;  Author  of  A  Hi*tory  »f  Emjltiml,  Hi(id  tn  1714. 
22 


TUTORS  OF  UNIV.  CORR.  COLL.—  (.ntintud. 

' 
' 

Kiln  lJ5 ,  fi^ftTiWfPtlftnF  Mopofflpa  n . 

ral  Science 

and  M 
II.  K  -.  Esq.,  B .-  Honourman  in 

Esq.,  M.A.  Lond.,  Classical  Hononrman. 

nours.  late  Professor 
A  Translation  of 
Virgil's  A- 

A.  H.  ALLCROFT,  Esq.,  B.A.  Oxon.,  First  Class  honours  at 

Moderatior.s  and  Final  Classical  Exam.  : 

tory  of 
"fomtion. 

Additional  Tutors  for  Special  Subject*. 

F.  RTLAND,  Esq..  M  i  in  First  Class  Honours  (Mental  and 

Examiner  for  the  Moral  Sciences  Tripos, 

tal  of  Ps>i 
B.Sf.,  4c. 

Se,  Lond.,  B.A.  Lond.,  Assistant  Examiner 
London  University. 

J.  II .  H  -.  ,  r  in   Latin 

at  Ji  .d  Medallist 

.1  Tripos. 

8.  M«  .B.A.  Lond.,  First  Class  Hone.  Lond.  and 

.  First  in  Honours 

Ht   M  •   i<  n    University; 

Edit 

G.  F  Honoun,   Assistant 

mslation  of 

t  Class  Honours 

in. 
SAMCBL  K:  Medallist;  Assistant 

Examiner 
J.  W.  EVANS,  Esq.,  I:  First  in  First  Class  Hons. 

H    !'      t  ER,  Esq.,  D.Sf.,  B.A.,  Ten  .oma. 

A.   H.  WALKIR,   Esq..  I'.M •:*.  Lond.,  10th  in  Honourn  st  Mat: 

lation,  and  Honour-  u  Tripos. 

U.  £  Jt  ST.  Esq.?  BvAi>Lond..  Double  Honours  in  French  and 
(1st  Claw),  F.:  '  Class  Honours  at  Ir  ' 


.1  /H    /•;/,•  TISE  M  ENTS. 


CHIEF    SUCCESSES 

.   !1.Y     (,.MN  i 

'Uuivcrsit?  Correspondence  College* 

AT  MATRICULATION,  JUNE,  1889, 
78  U.  C.  Coll.  Students  passed, 

forming  one-twelfth  of  the  entire  list. 

This  number  far  exceeds  the  largest  ever  passed  by  any  other  Institu- 
tion at  this  Examination. 

AT  INTER.  ARTS,   1889, 

71  U.  C.  Coll.  Students  passed, 

(A  number  altogether  unprecedented); 
Eleven  in  Honours,  two  with  first  places,  and  one  with  a  second  place. 

21  also  passed  the  Inter.  Sc.  and  Prel.  Sci.  Exame., 

five  in  Honours. 

AT     B.A.,     1889, 

70  U.  C.  Coll.  Students  passed; 

Being  a  larger  number  than  was  ever  before  passed  by  any  Institution. 

Of  these  16  Students  took  Honours. 
6  also  passed  at  B.Sc.,  2  of  whom  headed  Honour  lists. 

AT    M.A.,    1889, 
Two  Students  of  Univ.  Corr.  Coll. 

passed  in  Branch  I.,  and  in  1888 
One  headed  the  Mental  and  Moral  Science  List. 

AT  MATRICULATION,  JANUARY,  1890, 
53  U.  C.  Coll.  Students  passed, 

forming  one-eighth  of  the  entire  li.st  and.  one-sixth  of  the  Honours 
Div.,  with  2nd,  8th,  and  17th  plains. 


Full  Prospectus,  Pass  Lists,  and  further  information  may  be  had  on 
application  to  the 

SECRETARY,  12!a  Booksellers  Row,  Strand,  W.C. 
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